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B JH 060 H paflHorexHHHecKOH hjih sjieKTpoHHoii CHCxeMe npHxoflurca HMCTb 
Ziejio c cuzHonoMU, cjiy>KaiiiHMH jxjisi nepeHoca HH(|)OpMaiiHH Meac^iy OTflejibHHMH 
yCTpOHCTBaMH CHCTCMbl. TaKHC CHTHaJIH MO»HO HaSBaTb HH(J)OpMaLlHOHHMMH CHT- 
HanaMH. B sthx >Ke CHcreMax Bcer/ia npHcyrcTByioT curHanH, HCKaacaioinjie nepe- 
ZiaBaeMyio HH(|)OpMauHio. 3 to Moryr Ghtb cuTHajiH jipyrHX chctcm, naKnaflUBaio- 
niHeca Ha HH(|)OpManHOHHHe cuTHajiH, jih 6 o myMOBHe cuTHanu, o6ycnoBneHHi»ie 
(|)H3IIHeCKHMH HpOUeCCaMH B aJICMeHTaX CaMOH CHCT 6 MH. npHMepOM TaKHX inyMO- 
BBix cHTHajioB MO»:eT 6 htb TenjioBOH HiyM, B uejioM, kbk nojiesHue HH4>opMauHOH- 
HHe, T3K HCKa^aioiiiHe noMexoBHe cnrHanH, OTHOcaxca k KaieropHH cjiyuauHbix 
CUZHOJlOe, SHaneHHa KOTOpHX B Ka»:aHH KOHKpeiHHH MOMeHT MOaCHO OnpefleJIHTB 
JIHEIb C HCKOTOpOH BepOaiHOCTblO. 

npH pa3pa6oTKe, orjia^Ke h TecnipoBaHHH pajxHorexHHHecKHX CHcreM Heo6- 
xoflHMO saaaBaTb nojiHOCTbio HSBecTHHe CHrnajiH c tcm, hto6h no pesyjibTaTaM 
H3MepeHna CHTHanoB, npomeflniHX nepes ycTpoHCTsa CHcreMbi, mojkho 6buio 6h cy- 
flHTb O npaBHJIbHOCTH (|)yHKLIHOHHpOBaHIia TOFO HJIH HHOFO yCTpOHCTBa HJIH CHCTe- 
MH b LtejioM. 3to mo^o cflejiaTb, cpaBHHBa^ HSMepeHHbie cairnajibi c :«cejiaeMbiMH 
HJIH o^iiaeMbiMH CHrHanaMH. KpoMe Toro, paspaGonca Jno6oro ojieicTpoHHoro ycr- 
poHCTBa BKJnoHaer b ce6a npoiiecc ananwa npoxoiaciieHHa CHTHajioB nepes aro ycr- 
poHCTBO, AnajiHS npoBojiHTca c noMouibio Modeneu cnrHanoB h ycrpoHciB, onncBi- 
BaeMblX HCKOTOpblMH MaTeMaTHHeCKHMH (|iyHKIIHiIMH, MojieJIH MOaCHO CTpOHTb K3K 
B aHcunmiuHecKOM BHjie, T.e. b BHfle (|)opMyji h cooTHomeHHH, xaic h b bhac KOMrtb- 
wmepHhix Modeneu. IIpaKTHKa noKasbiBaeT, hto HaHJiynniKH pesyjibTaT anajiHsa 
ycTpoHCTB naer pasyMHoe coHexaHHe aHajiHTHHecKoro h KOMnbKxrepHoro moucjih- 
poBaHHa, nocKOJibKy npenBapHxejibHbiH aHajiHTHHecKHH anajiHS nosBOJiaer cymecr- 
B6HHO ynpOCTHTb KOMHblOTepHyiO MOHeJIb H T6M CaMbIM yCKOpHTb npouecc MOHeJIH- 
poBaHHa, a SHaHHT h Bpena Ha paspaGoTKy pajiHoxexHHHecKOH hjih ajieKxpoHHoii 
CHCXeMbl. 
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CHXHajibi, HcnojibsyeMbie npH MonejiHpoBaHHH, oxjiaflKe h xecxHpoBaHHH chc- 
T6M, oiHOCOTca K KJiaccy demepMUHUpoeaHHhix CHXHanoB. /JexepMHHHpoBaHHbiM na- 
SExIBaeXCa CHXHaJI, KOXOpblH M05KH0 HOJIHOCXbK) OHHCaXb aHaJIHXHHeCKOH (|)yHKIIHeH, 
saBHcameii ox BpcMCHH HJIH Hacxoxbi. TlexepMHHHpoBaHHbie CHXHajibi Hcnojibsyioxca 
HJia OHHcaHHa peajibHbix CHxnanoB, nencxByiomHX b paoHoxexHHHecKHX hjih ajieK- 
XpOHHblX CHCXCMaX. 

^exepMHHHpoBaHHbie CHxnajibi mo5kho pasnejiHXb na UBe 6ojibnme xpynnbi: 
wunyjibCHbie h nepuodunecKue CHXHajibi. IIoji HMnyjibCHbiMH noHHMaioxca CHXHajibi, 
o6jia/iaiomHe kohchhoh anepxHeH. IIpH axoM HMnyjibCHbie cHxnajibi Moxyx onncbi- 
Baxbca K3K orpaHHHeHHOH BO BpeMeHH Ha aaiiaHHOM HHxepBajie (|>yHKiiHeH, xax h 
6ecKOHeHHOH (JjyHKHHeH, riepHoziHHecKHe CHXHajibi Moryx 6bixb nojiyneHH nyxeM 
cyMMHpoBaHHa 6ecKOHeHHoro HHCJia HMnyjibCHbix CHXHanoB, oxcxoamnx apyr ox 
upyra na onHHaKOBWH HHxepBan BpeMCHH, HasHBaeMbiH nepHOflOM noBxopeHHa 
CHXHajia. riepHOUHHecKHe CHXHajibi o6jianaiox 6ecKOH6HHOH aHeprneH h xapaKxepH- 
ayioxca cpenHen mouihocxbio aa nepHoji. 

^exepMHHHpoBaHHHe CHXHajiH Moryx 6 hxb sajiaHH b bhhc (|)yHKHHH nenpe- 
pbiBHoro apryMeHxa BpeMeHH (aHCUiozoebie cuzHcuibi). Ecjih ^ CHXHan aanan xojibko 
B flHCKpeXHLie MOMeHTbl BpeMeHH CBOHMH OXCHexaMH, XO XaKOH CHXHan HaSHBaeXCn 
ducKpemHbiM cuzhojiom. CHXHan MO»:ex 6 htb ancKpexHHM no cboch npHpone, jih6o 
6bm. nojtyHen h 3 ananoxoBoxo CHxnajia nyxeM exo flHCKpexHaaiiHH bo BpeMeHH. 

TaKHM oGpaaoM, nexepMHHHpoBaHHue CHXHajibi, b o6meM cjiynae, Moxyx 6bixb 
oxHeceHbi K o^HOMy H3 Hexbipex xhhob cHxnajioB: 

- OHonozo&sie UMnyjibCHbie ci4ZHonbi, oraicbiBaiomHecH c noMonibio npeo6pa- 
soBaHHa Oypbe h jikhchhoh CBepxKH; 

- OHOJiozoebie nepuoduuecKue cuzHcuibi, onncbiBaiomHeca c noMonibio pana 
<I>ypbe H HHKJiHHecKOH CBepxKH; 

- ducKpemubie imnyjibCHbie cuzHcuibi, oriHCbiBaioiiiHeca c noMonibio hhc- 
KpexHoxo no BpeMeHH npeoGpaaoBaHHH <I>ypbe h HHCKpexHOH JiHHeHHOH CBepxKH; 

- ducKpemubie nepuoduuecKue cuzncuibi, OHHCbiBaioiiiHeca c noMonibio hhc- 
KpexHoxo npeo6pa30BaHHa <I>ypbe h nncKpexHOH UHKJiHHecKOH CBepncH. 
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AHaJIHS CHFHanOB B paflHOTeXHHHeCKHX HJIH 3JieKTpOHHHX CMCTeMaX saKjno- 
Haerca b onpeaejieHHH BpeMCHHBix h nacTOTHBix xapaKTepHCTHK 3 thx CHTHaaoB. K 
HHM OTHOcarca BpeMCHHaa (|)yHKmia CHTHana, aBTOKOppejiauHOHHaa (J)yHKEUia cht- 
Hana, cneKTpanBHaa naoraocTB hjih cneKTp CHTHana, SHepreTHHecacHH cneicip hjih 
cneKTp MoniHOCTH CHTHana. Ho 3thm xapaKTepHCTmcaM MoacHO onpeflenHiB napa- 
MCTpBi CHTHanoB, TJiaBHBiMH H3 KOTOpHX aBJiaioTca: 

- flJiHTejiBHOCTb, nepHon HOBTOpcHHa, HHTepBan zmcKpeTHsaiiHH, HHTepBan 
KoppejiaHHH (BpeMCHHHe napaMCTpH); 

- niHpHHa cHCKTpa, nojioaceHHa MaKCHMyMOB cncKTpa, noaoaceHHe nacTor- 
HHX rapMOHHK (nacTOTHbie napaMexpH); 

- 3HepTHa CHTHana, cpezinna moiiihoctb CHTHana (sHepreTHHeacHe, mouihoct- 
HH6 napaMexpH). 

3naa HHCJieHHHe snanenHa napaMexpoB CHTHanoB mo^o npoBOOTXt hx cpaB- 
HCHHe Me»ay co6oh, a tbk^ oneHHBaxt hx HSMeneHHe npH npoxo)i<aeHHH nepes 
pazmorexHHHecKyio hjih sjieKTpoHHyio CHCTCMy. 

/laHHoe yHe6Hoe noco6He npenHasHaneHO ana npoBeneHHa anajiHsa CHcreM 
HenpepHBHOTO H HHCKpeiHOTO BpeMCHH, OriHCaHHe BpeMeHHBIX H HaCTOTHbIX xapaK- 
TepHCTHK CHTHanoB H CHcreM, nsynenna cnoco6oB Haxo:«aieHHa hx napaMerpoB k3k 
B aHaJIHTHHeCKOM BHfle, T3K H C HCnOJIbSOBaHHeM nepCOHaJIBHblX KOMHBKyrepOB. 
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1. AHAJIH3 AHAJIOrOBbIX CHEHAJIGB 


1.1. AHOJiozoebie UMnyjibCHbie cuzHcuibi 

PaccMOTpHM npoHe;iypy anannsa ananoTOBBix HMiiyjiBCHBix CHTHanoB bo Bpe- 
MCEfflOH H HacTOTHOH o6jiacTax. rion HMTiynBCHBiMH HOHHMaioTca CHTHajiBi, sajiaH- 
HHe Ha HeKOTOpoM ynacTKe BpeMenn (KOHennoM nnn 6ecKOHeHHOM) b BHne hckoh 
M areMaTHHeCKOH 4>yHKHHH. npHMepaMH HMTiyjIBCHBIX CHTHanoB aBJiaiOTCa HpaMO- 
yrojibHHH HMityJibc, 3KcnoHeHHHanbHaa (|>yHKHHa h npyTHe CHTHanbi. 

OcHOBHbIMH XapaKTCpHCTHKaMH aHaJIOTOBOTO HMHyjIbCHOTO CHTHana sit) aB- 
jiaKrrca: 

- cneKTp (cneKTpanbHaa njioTHOcxb) Sif)\ 

- aBTOKOppejiaimoHHaa (|>yHKiiHa Rsit)\ 

- OHepreTHHecKHH cneKxp Wg(f). 

PaccMOTpHM npoiienypy OTHCKanna Ka^oH h 3 sthx xapaKTepHCTHK anano- 
TOBblX HMnyjIbCHbIX CHTHanOB. 

1.1.1. CneKTpa.ibHaH nioTHOCTb aHa.ioroBbix HMnyjibCHbix CHrHajioB 

,Hjia onpeflejieHHa cneKxpanbHOH njioxHOCTH (cneKipa) ananoTOBOTO hm- 
rtyJibCHoro CHTHana HcnojibsyeTca npaMoe npeo6pa30BaHHe Oypbe (HO): 

( 1 . 1 ) 

“CO 

rio H3BecTHOMy cncKTpy Sif) ananoTOBbiH HMnyjibCHBiH CHTHaji MoaceT Gbitb 
B occraHOBJicH c HOMOuifaio o6paiHOTO n<I>: 

CO 

( 1 . 2 ) 

-CO 

IIpHMep 1.1.1. 

PaccMOTpHM npoiienypy OTbicKaHHa cneKipa anaiioTOBOTO HMiiyjiBCHOTO cht- 
Hana, KoropbiH sanaeica BBipa>KeHHeM: 

s{t) = Ae‘^' -uit), ( 1 . 3 ) 
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rzie u{t) - eziHHHHHaa crynemaTaa (|)yHKmia (t|)yHKmia XeBHcaHfla): 

f 0, /<0, 

“(0= X, ^ = 0, 

1 , /> 0 . 


(1.4) 


rpa(|)HK (|)yHKLtHH s{t) IIpH BHGpaHHHX SHaHCHHaX napaMCTpoB y4 = 3 B H 
a= 3,14-10® Fu noKasaH napHC. 1.1. 


^ 1 



- 2-10 1 2 

f (mkc) 

Puc. 1.1. Ana/iozoebiu UMny/ibCHbtu cuznan s(i). 

CneKTp CHTHajia s(t) mo^t 6hLTh HaiizieH c noMouibio BbipaiaceHH^ (1 - 1 )• 




-(a + jlnf) 


- a+ 




(1.5) 


a + jlnf 


riocKOJibKy S(f) aBJiaeTca KOMnjieKCHOH (|)yHKUHeH, fljia ee rpacjjHHecKoro 
ormcaHHa Heo6xoflHMO CTpoim. flBa rpa(|)HKa - oTflejiBHO fljia fldlcTBHTejibHOH h 
MHHMOH cocxaBJiaiomHX HUH OTflejibHO fljia aMmiHTyflbi h 4>a3i>i, hto oro6paHceHO Ha 
pHC. 1 .2 H 1.3 COOTBeTCTBCHHO. 


o' 0,8 
s 

S0,6 

^0,4 

'Hi’ 

a: 0,2 



-6 -4 -2 0 


0,5 


^ 0,25 


E - 0,25 


- 0,5 



-6 -4 -2 0 


f(MrM) 


f(Mrq) 


Puc. 1.2. JjeucmeumejibHcui umhumoh nacmu cneKmpa cucHwias(t). 
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f(MTM) f(MTM) 


Puc. 1.3. AMWiumydHbiu u ^asoebiu cneKmpbi cuzHajias(l). 

3th rpa4>HKH HJUnOCTpHpyiOT CBOHCTBO CHMMeXpHH CneKTpOB fleilCTBHTeJIb- 
Hbix CHTHaJIOB (CBOHCTBO 1, HpHJI. 3), 

npoBepHTb npaBHJiBHOCTB Haxo^cneHHa cneKTpa CHTHajia mo^cho c noMombio 
CBOHCTBa miomaim npeo6pa30BaHHa Oypbe (cbohctbo 1 7, npHJi. 3): 

CO 

5(o)= (1,6) 

-CO 

rinomaab noa 3KcnoHeHiiHajibHOH (JiynKuneH mo^ct 6htb naiizieHa kbk npoHSBefle- 
HHe/l*(l/a). TaKHM o6pa30M, fljia CHrnajia s(f) nojiynaeM: 

5(0)=-«^0,96,(B-mkc), (1.7) 

a 

HTO coBnaaaer co SHaneHHeM aMruimyflHoro cneKipa cnrHana na nyneBOH nacTOTe. 

Ha npaKTHKe oibicKaHHe cnexipoB HMiiyjibCHHX cnrHajioB HenocpeflCTBCHHO 
c noMombio Bbipa»:eHHa (1.1) nacTO npHBOflHT k SHaHHxejibHHM BHHHCjrarejibHbiM 
TpyaHocraM. B 3 tom cjiynae yfloGnee BocnojibsoBaTbca HSBecTHbiMH cneKxpaMH 
cHrHajiOB npocTOH 4>opMbi H cBOHCTBaMH npeo6pa30BaHH3 <I>ypbe, npeflCTaBJieHHbi- 
MH B npnno>KeHHax 2 h 3 cooTBexcTBeHHO. 

B oGmeM cjtyHae nocjieflOBaxejibHocxb flencxBHH npn HaxoKfleHHH cneKxpoB 
CHXHajioB c Hcnojn>30BaHHeM cbohcxb npeoOpasoBaHHa 'JJypbe: 

— Bbi6op H3 xaOjiHHfai npHJi. 2 sjieMeHxapHbix CHXHanoB, aBJiaioiiiHxca ochoboh 
fljia <J)opMHpoBaHHa 3£waHHOxo CHXHana; 

- 3aiiHCb 3a^aHHOxo CHXHana c noMonibio MaxeMaxHHecKHX onepaiiHH Hao; bh- 
6paHHHiMH sjieMeHxapHbiMH CHXHajiaMH; 
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- HaxoKfleHHe ananimMecKoro Bbipa>KeHHa cneKTpa 3a;iaHHoro cnraana c hc- 
nojibsoBaHHeM cneKTpoB sjieMeHrapHBix CHrHanoB h cbohctb cneKTpoB; 

- npoBepKa npaBHJiBHOCTH HaxoKnemia cneKTpa c noMoinbio cbohctb nnoma^ 
(|)yHKnHH 5'(?) H S(f), CBOHCTB CHMMeTpHH CHTHaJia H CnCKTpa H pesyjIBTaTOM BBTHHC- 
jiemia cneKTpa sanannoro cnmana na KOMnbioTepe. 

PaccMOTpHM necKOJiBKO npHMepoB naxo^aenna cneKTpoB CHmanoB c noMO- 
TTTBK) CBOHCTB npeo6pa30BaHHa <I>ypBe. 


IIpHMep 1.1.2. 

SanncaTb anajinTHHecKoe BHpa»:eHHe CHrnajia s(t), noKa3aHHoro Ha pHC. 1 .4, c 
noMouiBK) CBOHCTB HC* HaHTH ero cneKTp, nocTpoHiB uonym, h apryMenr (j)yHKUHH 

5 (/). 

s 

o 

'sf 

- 2-10 1 2 

t (UKC) 

Puc. 1 . 4 . HMnyjlbCHblU CUZHO/I C/IOOKHOU (pOpMbt. 



CornacHO npHBeaeHHOH BBiuie MeTOflHKe noribiTaeMca onncatB saaaHHBiH 
CHTHaji c noMonibio aneMeirrapHbix cHTHanoB, Hs pHcyHKa bhaho, hto CHTHaji s(^) 
MOHceT 6 bitb npencTaBJien b BHfle ajire6paHnecKOH cyMMBi ycenaiHoro OKcnoHenuH- 
ajiBHoro CHTHajia h ero HHBepTHpoBanHOH bo BpeMenn KonHH, cflBHHyxbix bo Bpe- 
Menn. TaKHM o6pasoM, mo^o sanncaTB: 

s{t) = s,{t+T,)-s, [_- {t - )] , ( 1 . 8 ) 

rne OHHHOHHBiH CHTHan 5'i(?) onpenejiaeTca Bbipa^enneM: 


0 , ? < 0 , / > Tg . 


(1.9) 
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BH6epeM cjie;i;yioin;He SHanenna napaMerpoB cnmana: ^ = 2 B, a = 3,14 MTn, 
lo = 0,5 MKC. 

^jia OTbicKaHHa cneKTpa cnmana s{t) c noMoniBio cbohctb npcoOpaaoBanna 
<I>ypbe CHanana naiiaeM cneKip ycenenHon aKcnonenTBi. Cnman 5'](?) MonceT 6 bitb 
nojiyncH ityreM cyMMHpoBaHna flByx aKcnonennnanBHBix if)yHKn;nn: 

s,{l) = Ae-‘^‘u{t)-A-e^^ ( 1 . 10 ) 

K3K 3T0 nOKasaHO Ha pHC. 1 .5. 

3 
2 

^ 1 
CD 

f ° 

-1 

t (mkc) 

Puc. 1 . 5 . 0 opMupoeoHue cuzHan,asi(f) . 




BocnOJIbSOBaBUlHCb CBOHCTBaMH JIHHeHHOCTH H nOJiyHHM cneKTp 


CHTHana 




Ae 


-atQ 




a + j2fff a + jlnf 


a + j2nf 


\-e 


- ft+ 


; 2 ff/)ro 


( 1 . 11 ) 


CHTHana s(t) c ynexoM (|)OpMyjibi (1 .8) h cbohctb saaep^rcH h HHBeprapo- 


BaHHn CHTHaJIOB HMceM: 




( 1 . 12 ) 


Tfle «*» 03HaHaex KOMnneKCHoe conpH^HHe. Ilocjie ajire6paH4ecKHX npeoGpasoBa- 


HHH HonyHaeM: 


5 (/)= 


J2A 


a" + 4 ?rV' 


• sin 2nfz^ + 2nf (^e - cos 2nft^ 


(1.13) 


Ha pHC. 1.6 npenicTaBneHBi aMnnHiymbin n (|)a30BBin cneKTpBi cnmana coot- 


BerCTBCHHO. 
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f(MrM) f(Mr4) 


Puc . 1 . 6 . AMruiumydHbiii u ^asoebiu cneKtnpbi cuznana s ( i ). 


Hs (|)opMyjiH (1.13) H rpa(|)HKOB bhaho, hto cneKTp cHTHana hhcto mhhmoh 
HeneTHOH (JiyHKiiHeH. /Ijia npoBepKH BOcnojiBsyeMca cbohctbom roioma^H CHTHana h 
cneKTpa: 

CO CO 

5(0)= J s(t)dt = 0 , 5(0)= j5(/)#=0, (1.14) 

-CO -CO 


HTO coBnaaaeT c rpa(|)HKaMH CHTHana h cneKTpa, 


IIpHMep 1.1.3. 

C noMoniBK) cbohctb HO h3hth aHaiiHTHHecKoe BBipa»:eHHe cneicrpa CHTHana 



{A-B't, 0<7<Tp 

|o, /< 0 ,r>Tp 


(1.15) 


npH = 1 B, 5 = 0,5 B-MTu, -Zo = 2 mkc, nocTpoHTB Tpa(|)HKH awnnHTyaHOTO h (Ja- 
30B0T0 cneKTpa, 

Fpa(|)HK (JiyHKHHH CHTHana s(0 noKasan na pHC. 1.7. 



t (mkc) 


Puc . 1 . 7 . Ancuiocoebiu UMnyjibCHbiii cuzncui s ( t ). 
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IIocKOJibKy B Ta6jiHue npHJi. 2 Hex CHTHajioB, noxomix Ha saziaHHBiH, nonpo- 
6yeM nojtyHHTB ajieMeHxapHbie CHTHajibi c noMonibio MaTeMaxHHecKHX onepauHH 
CHTHaJIOM s{i)> HailpHMep, CHTHaJl 5'(?) MO^CHO HpOflH^^^^epeHIlHpOBaTb HO Bpe- 


m€hh: 


d sit) z s A I Xn 1 
'(/) = — = A-S(t) reel — 

dt Tr. I 2 J 


(1.16) 


rfle S (/) — flejiBTa-4)yHKUH3, rect(?) - np^MoyrojibHbiH HMnyjibc flJiHrejibHOCTbio ib, 
onpeaeji^eMbift cjieayiomHM cooTHomeHHeM: 


rect(n = 


0 HHane 


rpa<|)HK 4)yHKUHH CHTHanas'Xrt noKasan na pHC, 1 ,8, 


1,5 


•Ad($) 


(±0,5 - 

f 0- 

-0,5 • 

•1 - 
•4 


0 

f (mkc) 


Puc. 1.8. UpouseodHM cuznana s(t) eo epeMenu. 

CneKTpbi Ka»aoH h 3 KOMnoHeHT CHTHana s\t) HSBecTHbi, noaroMy mo»ho sa- 


nHcaib: 




(1.18) 


J\j\si Haxo^eHHn aHajiHTHHecKoro Bbipa^eHHn CHTHajia BocnojibsyeMcn 
CBOHCTBOM HHTerpHpOBaHHH! 


(0 


S[ T 


)dz 






S{f) , 

j2nf 2 


(1.19) 


TaKHM oOpasoM, nonynaeM: 
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7 ' 2 ^/ 


jlnf I nft^ 


(1.20) 


1 . 1 . 2 . ABTOKoppejiHUHOHHaH ^yHKUHH aHajioroBbix HMnyjibCHbix curna- 


JIOB 


ABTOKOppejiauHOHHaa (|)yHKUna (AK<I>) aHanoroBoro HMnyubCHoro CHTHana 
s{f) onpeziejiaeTca k 3 k CBepTKa caMoro cuTHana c ero HHBepTHpoBaHHoii KonHeii: 




( 1 - 21 ) 


w w 


rae «*>> - onepamia jniHeHHOH CBepTKH . 

PaccMOTpHM npHMepH Haxo^eHKa aBTOKOppejiaiiHOHHOH (J)yHKiiHH cair- 
H3JIOB, OriHCaHHHX BHEie. 

IIpHMep 1 . 2 . 1 . 

HafiflCM aBTOKOppejiauHOHHyio (|)yHKiiHH anajicroBoro HMnyjibCHoro CHTHana 
( 1 . 3 ) c noMoniBK) BHpa^HKa ( 1 . 21 ): 


Rs { t )= ■ u ( T )- Ae '‘‘^'*’^- u ( r + r)dT = 


-u 

— e 
2a 


( 1 . 22 ) 


rpa(|)HK AKO CHraana noKasan Ha pHC, 1 , 9 , 


1,5 


■^ 1,2 

s 


0,9 


^ 0,6 

ct 



0,3 


- 2-101 2 

( (mkc) 

Puc. 1 .9. AemoKoppe/uitjuoHHCui (pynKijwi cu2Honas(i). 


^ JlPiHeHHaa CBepxKa anajioroBHX PtMnyjiLCHLix CHTHajioB: 

CO 

>j(i)=i'(i)*;t(i)= r)<^r 


no 
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1 . 1 . 3 . 3 HepreTHHecKHH cneicrp aHajioroBbix HMnyjibCHbix CHrHajioB 


3 HepreTHHecKHH cnexTp ananoroBoro HMnyjiBCHoro CHTHana: 




, (B-c)X 


( 1 . 23 ) 


r^e « » — KOMiuieKCHoe conpa^KeHHe. 

3 HepreiHHecKHH cneKTp h aBTOKOppejiaiiHOHHaa i|)yHKLtiia ananoroBoro hm- 
nyjibCHoro curHana CBSsaHBi Me^Kiiy co 6 oh npeo 6 pa 30 BaHHeM *l>ypbe: 


npaMoe ri'I> 


06 paTHoe 




= ^ W . 




3 HepreTHHecKHH cnexip aHanoroBoro HMnyjiBCHoro cHTHana Moacex 6 htb 
H aftaeH c noMombio np®^oro HO ot ( 1 , 22 ) hjih c HcnojiBSOBaHHeM BBipa^eHHa 
( 1 . 23 ). 3 HepreTOTecKHH cneKTp CHTHana 5 (?) noKasanti na pHC. 1 , 10 . 



,^ 0,8 

S 

s 0,6 

CO 

$ 0,4 

0,2 


-6 -4 -2 0 2 4 6 

f(Mrq) 

Puc. 1.10. SnepzemuHecKuu cneKmp cuzHona s(t). 
npoBepKH npaBHJiBHOCTH Haxo»aeHHa aBTOKoppejiamioHHOH (|)yHKiiHH h 
3 HepreTHHecKoro cneKxpa CHTHana s{f) mo>kho BOcnontsoBaTbca TeopenoH Hapce- 
Bana fljia aHanoroBoro HMnynbCHOTO CHTHana h cbohctbom npeoOpasoBaHHa (iJypbe 
fljia AK< 1 > CHTHana: 


E, = rM= = — « 1 , 43 , (b^ -mkc 

cc 


J ci 

fVM = = — (B 


( 1 . 24 ) 


mkc 


Tfle Es — 3 HeprHa cnrana s(t). 
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1 . 2 . AHOJiozoebie nepuoduHecKue cuzHcuibi 


1.2.1. Cneicrp aHajioroBbix nepHO/IHHecKHX CHrHajioB 

Paj C)ypbe s.^ (/) [/«] 

AHanoroBbiH nepHOflmecKHH cnrHan Moacex 6 htb nojiyneH h 3 HMnyjibCHoro 
ananoroBoro CHFHana s{t) nyrcM cyMMHpoBaHHa ero aanepacaHHUx kouhh nepes 


paBHBie HHTepBanH BpeMCHH: 


s^yt) = 


Y^s{t-kT)= s{t) *Y,S{t-kT)^ (BX 


(1 -25) 


/fca-CO 


/fca-CO 


rzie T - nepHozi noBTopeHHa cHrnana, « *>> - onepauna JiHHeHHOH cBepncH. 


CneKTp ananoroBoro nepHoznraecKoro CHTHana onpeziejiaeica pasjioaceHHeM b 


P«>: 


1 

= (B), 


(1-26) 


AHanoroBHH nepHOflinecKHH cnrHan CBasan c ero cneiopoM cneayiomHM co- 


oiHomeHHeM: 


2nmt 


^rW= ,(B). 


(1.27) 


«■-« 


CneKTp aHajioroBoro nepHoamecKoro cnrHana TaK»:e Moiacer Shtb nojiiyneH 
no HSBecTHOMy cneKTpy ananoroBoro HMnyjiBCHoro cnruajia: 


V A J 




(1.28) 


(1.29) 


IIpHMep 1.2.1. 

AHanoroBBiH nepHOflmecKHH CHrHaji s-j{t), nojiyHaeMbm h 3 HMnyjibCHoro 
CHTHan ^(r) c noMOTTTBK) Bbipa)KeHHa (1.25), noKasan Ha pHC. 1.11. IlepHoa noBTOpe- 
HH3 HMnyjIbCOB Bbl6paH paBHbIM T =2 MKC. 
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CO 2 


1 



t (mkc) 

Puc. 1.11. Anaaoeoebiu nepuoduHecKuii cuenaa st(0 


CneKTp cnrmjia Sj{t) Mo^ex 6bixb naiizieH c noMombio Bbipa^eHHH (1 .26 ) hjih 


(1.28); 


c r 1 1 cf'”^ ^ ^ ^ 

ri J T J2nm, jlnm+aT' 

^ Cy 

T 


(1.30) 


AMruimyaHbiH h (JiasoBbiii cneKTpH CHTHana s^it) noxasaHH Ha pHC. 1.12. /Jjia 
aHajioroBoro nepHoanHecKoro cnrHana raK»ce cnpaBeflJiHBO cbohctbo npeo6pa30Ba- 


HHa <t>ypbe: 


40] = ^prW'^^ = ^*^0,48,(B). 


(1.31) 


0.5 

_0.4 

= 0.3 

S 

:ro.2 


0.1 



- 6 - 4-20 2 4 

f{n»T}(MrM) 


•5 n/2 

re 

S> 71/4 

1 0 

'S-Tt/4 

O) 

[5 - 7 i /2 



- 6 - 4-2 0 2 4 

f{nvT}(MrM) 


Puc. 1. 12. AMmumydHbiu u rpasoebiii cneKmpti OHCuiozoeoeo nepuoduHecKozo cuzHOfiasrit). 

1.2.2. ABTOKoppejiHUHOHHaH ^yHKUHH aHajioroBbix nepHO/iHHecKHX chf- 


Ha.lOB 


ABTOKoppejiaHHOHHaa (|)yHKHHa ananoroBoro nepHoziHHecKoro CHTHana onpe- 


flenaerca cneaytoiujiM cooTHomeHHeM: 
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(1.32) 


0~ jr 


1 ^ 

-j5^(r)5^(/+2rVr,(B\ 


rzie «0» - onepauHa KpyroBOH CBepncH’. 

1.2.3. Cneicrp moiuhocth aHajioroBbix nepHojiHHecKHX cnrHajioB 

CneKTp MoniHOCTH h cneKTpaiibHaa ruioTHOCTb moiiihocth anaiioroBoro ne- 


pHOfliraecKoro CHFHana onpeziejiaioTca cooTHomemiaMH: 


PstW] = 5r [»2] • si [m] = |5j. [m] f , (B^). 


Pst(/)= 


(1.33) 


(1-34) 


CneKTp MoiiiHOCTH H aBTOKOppejiaiiHOHHaa (|)yHKUiia aHanoroBoro nepHoan- 


necKoro CHTHana CBasaHH Me^cay co6oh pazioM Oypbe: 


npaMOH PO 


06paiHMH P<I> 


1 ^ 


.2frmt 




CO . 2ftmt 

■^srW= ^ >(B^) 


r*-co 


IIpHMep 1.2.2. 


ABTOKOppejiauHOHHaa (|)yHKmia aHajioroBoro nepnoflUHecKoro CHrnajia s^it) 
MoyKST 6 htb HafifleHa c noMoniBio onepaimn KpyroBon CBepTKH ( 1 . 32 ), a cneicrp 
MOIIIHOCTH - c noMoniBK) BbipaiaceHHa ( 1 , 33 ), AKO h aieicrp mouihocth CHrnajia 

S'j(t) nOKasaHH Ha pHC, 1 , 1 3 H 1 , 1 4 COOTBeTCTBCHHO, 


IjHKJiHHecKaa (KpyroBaa) CBepnca ananoroBLix nepHo^jwecKHX cnraajioB: 






-X ax 


P 0 a a a 
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CO 

i; 

h-. 

CL 

-4 -2 0 2 4 

f{m/r}{Mrn) 

Puc. 1 . 13 . AemoKoppenjiijuoHHan (pytiKifuii Puc. 1 . 14 . CneKmp Moupiocmu cuzHoaa sr(t). 

cumana sr(l). 

^Jia npOBepKH npaBHJIBHOCTH HaX05KHeHHa aBTOKOppenailHOHHOH <|)yHKIIHH H 
cneKTpa moiuhocth cnrHana ^K/) BocnojiBsyeMca TeopeMOH HapceBajia una nepHo- 
UHHecKHX CHTHajioB H CBOHCTBOM pasjio^eHHa B pau Oypte fljia AK<I> CHTHajia: 

«■-« 

(1,35) 

me Pep - epeuHaa aa nepHou MoniHociB CHrana 

1.3. Ahojiu 3 npoxo^KdenuA ana/ioeoebix cuzHOJioe nepes JiuneuHbie u,enu 
1.3.1. AHa.ioroBbie HMny.ibCHbie cHFHajibi 

PaccMOTpHM npoiieuypy npoxoacneHHa ananoroBoro HMnyjiBCHoro CHTHana 
5(/) Hepes JiHHeHHyio uenB (pHC, 1,15), 

s(t) I 1 y(t) 

AHanoroBbiM 

~\} ^ c|DnnbTp 

S{f) I 1 Y{f) 

h{t) « H{f) 

Puc. 1 . 15 . ripoxooKdeHue ana/iozoeozo imnysibCHOzo cuzHcma nepes nuHeunyio tjem. 

JlHHCHHaa uerib onHCBiBaeTca HMnyjiBCHOH xapaKTepHCTmcoH h{t) bo BpeneH- 
Hoii o6aacTH h KOMiuieKCHOH hbctothoh xapaKTepHCTHKOH H(f) B HacTOTHOH o6aac- 
TH. HMnyjibCHaa h HacTornaa xapaKTepHCTmcH jraneiiHOH iienn CBasaHBi apyr c apy- 
roM r^o6pa30BaHH6M Oypbe: 





18 




npaMoe n<l> OGpaxHoe I1<I> 

CO CO 

•CO —CO 

/Jjia HMnyjibCHOH xapaKTepHcnncH hit) aHanoroBoro (JmjibTpa Moiacer 6i»rn> 
onpeziejieHa aBTOKOppejiauHOHHaa (|)yHKLiHa: 

CO 

R^{i)=h{t)*h(-t)= (2.36) 

-CO 

rzie «*» - onepamia jehhchhoh CBepncH. 

3HepreTHHecKaa nacTOTHaa xapaKTepHcinKa aHanoroBoro (J)HiibTpa onpeae- 
jiaeTca cooTHouieHHeM: 

G(/)= [//(/]’, (6/p), (1 .37) 

rfle «*» - KOMnjieKCHoe conpa^HHe. 

B KanecTBe npHMepa JiHHeHHOH iieiiH paccMorpHM bhcokhx Hacror 

(OB"^) nepBoro nopaznca c rpaHHHHOH nacroTOH nojiocH nponycKaHHa7^= 1 ,5 MTu. 
HMnyjibCHaa xapaKTepHCTmca (|)HJibTpa onpeziejiaeTca cjieayiomHM cooTHomeHHeM; 

h(t)= ^(/)-^-exp(-^/)-M(/), (FuX (1.38) 

rfle p = iTtfgp, &^t) - flejibTa-(|)yHKLiHa, «(f) - eflHHiwHaa cryneHHaTaa (jjymama, on- 
peflejiaeMaa BHpa»:eHHeM (1 .40). Ho HSBecTHOH HMnyjibCHOH xapaKTepHcraKe h{i), 
noKasaHHOH na pHC. 1.16, moischo c noMonibio npeo6pa30B3HHa ^>ypbe HafiTH nac- 
TOTHyio xapaKTepHCTHKy (|)HJibTpa: 


-jlxft 



t (mkc) 


Puc. 1.16. HMnynbCHOsi xapoKmepucmuKa ^wibmpa ebicoKux Hocmom 

c zpoHUHHOu Hocmomou fp = 1,5 MFif. 
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AMiuimy.ilHaa u (|)a30Baa nacTOTHbie xapaKTepHciuKH ananoroBoro <1>B''I nep- 
Boronopa.zucanoKa3aHbi Ha pHC. 1.17. 



MacTora (MTli) Macrora (MTli) 


Puc. 1.17. AMtifiumydnan u ^asoeax xapcacmepucmuKu oHcuiozoeozo 0BH. 

rio HSBecTHOH HMnyjibCHOH xapajcTepHCTHKC hit) aHanoroBoro (|>HJibTpa c no- 
Mombio (|)opMyjibi (2.36) mo^cct 6biTb onpenejieHa aBTOKOppejiaiiHOHHaa (|>yHKLtHa 
HX /?/,(/), HOKasaHHa^ Ha pHC. 1.18, a no (|>opMyjie (1 .37) mo^o oiieHHTb anepreTH- 
HecKyio HacTOTHyio xapaxTepHCTHKy (|>HJibTpa G{f), npeiicTaBJieHHyio na pHC. 1 .19. 



f(MKC) f(Mri4) 

Puc. 1.18. AemoKoppenxijuoHHox ^yuKijux Puc. 1.19. SHepzemuHecKOx 'iacmonmax xa- 
UMtiynbCHouxapcmmepucmuKU 0BH. poKmepucmwca 0BH. 

/lajiee paccMorpHM nponejiypy Haxo>KzieHHa CHrHana na Bbixojie JiHHeHHOH 
nemi. AHajioroBbiH HMityJibCHbiH CHTHan na Bbixojie 4>HJibTpa mojkct Ghtb Haiin;eH 
jih6o no H3BecTHOMy CHTHajiy na Bxojie (|)iinbTpa h HMnyjibCHOH xapaKTepHCTmce 
(J»Hjn>Tpa (bo BpcMCHHOH oGjibcth), jih6o no H3B6CTHOMy cneKTpy CHTHana na Bxojie 
(J»Hjn>Tpa H HacTOTHOH xapaKTepHCTHKe (|)HJibTpa (b nacTOTHOH oGjiacm): 
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(1.40) 


t ) = s { t ) * h { t )= Jj(x)/?(/- x)df'c, ( b ), 


n 0 




ABTOKOppejiauHOHHaa (|)yHKLtHa aHanoroBoro minynbCHoro CHrnana na bm- 
xofle (|)HJiBTpa MO)KeT 6biTb HaSzieHa HecKOJibKHMH cnocoGaMH: 


- no HSBecTHOMy cnmany na BHXo/ie (|)HJibTpa: 




( 1 - 41 ) 


- no HSBecTHHM AKC> CHrnana na Bxozie (JinnbTpa h AK < I > HMnyjibcaioH xa- 


paKTepHCTHKH anajioroBoro (|)HJibTpa: 


R ^( t )= R ,( tyR ,( t )= \R,(T)R,(t-T)dT,{B^^o). 


(1.42) 


3nepreTHnecKHH cnexTp CHrnana na BHXoae (|)HJibTpa xax^ Moacex 6Hib 


nafiflen necKOJibKHMH cnoco6aMH: 

- no HSBecTnoMy cncKTpy cnmana na BHXofle i|)HJibTpa: 

W ^{ f )= Y { f )- r { f )=\ Y { f ]\{ B - of - 


(1.43) 


- no HSBecTHHM anepreiHHecKOMy cnexTpy CHrnana na Bxofle (jjHJibTpa h 
aneprcTHnecKOH nacTOTnoH xapaxTepHCTHKe ananoroBoro (|)HJibTpa: 

Wy { f )= W ,{ f )- G { f ),{ B - cf . (1.44) 


(1.44) 

3 nepreTHnecKHH cnexrp h aBTOKoppennuHonnan 4 >ynKiiHa ananoroBoro hm- 
nyjibcnoro CHrnajia na Bbixofle (|)HJibTpa CBasanbi Menwy co6oh npeoOpaaoBanHeM 


<l>ypbe: 


npaMoe n$ 


OOpaxHoe DC* 


1 ^: 




Ry { t ) = 




PaccMOTpHM npHMep npoxoncnenna anajioroBoro HMnyjibcnoro CHmana s { t ') 
(1 .3) nepes (|)HnbTp bhcokhx nacror nepBoro nopanKa, onHcannbm Bbime. 

Cnrnaji na Bbixone (|)HnbTpa _y(?), nannennbiH no (JjopMyjie (1.40), noKasan na 
pHC. 1 .20, a aMnnnrynnbiH h (|)a30BbiH cneKTpbi aroro CHrnajia - na pHC. 1 .21 . 
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4 

3 

X 1 

0 

-1 


Puc . 1 . 20 . AHO/iozoebtu UMny/ibcubiu cuma/i na ebixode 0 BV . 


c± 
ns 

Q . 

2 ^ 0 

p 
re 


f(MrM) f(MrM) 

Puc . 1 . 21 . AMWumydHbiu u tpasoebiu cneKmpbi cuzHafiay ( t ) na ebixode 

^Jia naxo»aeHHa aBTOKOppejiauHonnoH (|)yHKiiHH ananoroBoro HMnyjibcnoro 
CHTHana na Bbixoae (JjHJibTpa i?^(?) mo»ho BocnojibsoBaTbca (|)OpMyjiaMH (1.41) hjih 
(1 .42). 3HepreTOHecKHH cnexip Wy(f) CHrnana na bhxoac mo^t 6htb onenen 
c noMombK) <J)OpMyji (1.43) nnn (1.44). nojiynennHe AKO h anepreTHnecKHH 
cneKTp CHrnajia na Bbixoae <|)HJibTpa npeacTaBJienH na pHC. 1 .22 h 1 .23 cootbctct- 
Benno. 





2-10 1 2 


t ( mkc ) 



- 2-10 1 2 


t ( mkc ) 



Puc . 1 . 22 . AemoKoppejiatfuoHHCui (pyHKijwi 
cuzHcuiay(t) na ebixode 0BV. 


Puc . 1 . 23 . SHepaemuHecKuu cneKmp cuzHcuia 

y ( t ) na ebixode 0 BH . 
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/Jjia npoBepKH npaBHUbHocin HaxoKaeHHa aBTOKOppejiauHOHHOH (JjyHKUHH h 
SH eprenMecKoro cneKTpa CHTHana y{t) TaK>Ke mo>kho BocnojibsoBaiBca TeopeMOH 
riapceBana fljia ananoroBoro HMiiyjiBCHoro CHTHana h cbohctbom npeo 6 pa 30 BaHHa 
<l>ypBe fljia AK< 1 > CHrHana: 

CO CO 

E^=R^{Q)= |iF^(/)#«. 0 , 36 ,(bAmkc), W^{o)= \R^{l)dt= 0 , ( 1 . 45 ) 

•CO —CO 

rzie Ey - SHepraa CHranay(?). 

1.3.2. AHajioroBbie nepHO/IHHecKHe cnrHajibi 


PaccMOTpHM npoueziypy npoxo^eHiM aHajioroBoro nepHOflHHecKoro CHrna- 
jia ST(t) Hepes JiHHeHHyio iierib (pHC. 1 , 24 ). 



Mf)<=>HT (0 

Puc. 1.24. UpoxooKdeHue mofiozoeozo nepuadmecKozo cumana HepesnuHemyio 


/Jjia ynponicHHa anajiHsa npoxo^aeiraa nepHOflHHecKHX CHTHajioB nepes jih- 
HeHHHe uenH "EDi (|)HJibTpa yflo6HO npeflCTaBHTB b BHfle nepHOflHHecKOH (jjyHKUHH: 

^W= Z5(?-^r),(ru), (1.46) 

k"~co *■-» 

rfle h(t) - HMnyjibCHaii xapaKTepHCTmca hcxoahofo aHajioroBoro (jjHJiBTpa, T - ne- 
pHOfl noBTopcHHa cHrHajia Ha Bxofle jraHeimoH uerra, B 3TOM cjiynae HacTaraaa xa- 
paKTepHCTHKa (|)HJibTpa cxaHOBHTca ^HCKperHOH (JiymcLtHeH, KOTOpaa Moacex Ghtb 
H aiiiieHa no nsBecTHon aHajioroBoro (|)HJibTpa: 

1 f ^ 

HA'n] = --H ,(Tn\ (1.47) 

CO / 

Hr{f)= /-y ,(6/p). (1.48) 

m=-m V ^ J 

riepHonHHecKaa HX n nncKpeiHaa "^IX aHajioroBoro (JinjibTpa CBasanbi ^ipyr c 
npyroM pasnoKenneM b pan <l>ypbe: 
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npaMOH P'I> 


06 paTHbiH P<1> 




2xmt 


, (Pn), 


t)= 


W 


2 nmt 


, (Pn). 


«=-co 


ABTOKOppejiaiiHOHHaa (|>yHKnHa nepHonnaecKon HMnyjibCHOH xapaKTepncTH- 
KH h-^t) aHajioroBoro 4 >HJibTpa Moacex 6 bixb nanneHa caenyioiiiHM oGpasoM: 


i 

Rf,.,{t)=T- hy{t)® hr{-l)=\hy (t) hy{l+x)dx^ (Ph), 


( 1 . 49 ) 


rne « 0 » — onepaiina KpyxoBon CBepxxn. 

AK<1> nepHonnaecKOH KX (|)HJibxpa Moacex 6bixb HanneHa no nsBecxHon AK<1> 
HcxonHoro anaiioroBoro c|)njibxpa: 


RM= f^R,{i-kT) = R,{ty Zb(t-kT),(rn), 


(1.50) 








TBfi - OnepaUHH JIHHeHHOH CBepTKH. 

^HCKpeTHa^ ^CTOTHaa xapaKTepHCTHKa no moiuhocth aHajioroBoro ^um>Tpa 


onpeaejweTC^ cne;^ioiiiHMH cooTHomeHnaMn: 


km = y 4 y \='^ 


(1.51) 


^,(/)= Z^rW-y-^l(6/p), 


«■-« 


(1.52) 


rfle « » - KOMruieKCHoe conp^»:eHHe. 

^acTOTHa^ xapaKTepHCTOxa no mouihocto h aBTOKOppejwnMotmaa (^yHKUH£ 




nepHonnaecKOH HMrryjibCHOH xapaKxepncxHKH JinnenHOH nenn cBHsaHbi Meacny co- 


6 oh panoM Oypbe: 


ripaMOH PO 


06 paxHbiH P<1> 




f Ixmt 

f _ / \ “/ — z — 


2nmt 


^ 0 


.R;ir(0= Z-^rH® ^ , (Pu). 


m«-co 


B KaaecxBe npnMepa paccMoxpHM xapaKxepncxHKn (|)njibxpa naa aHanoxoBbix 
nepHonHHecKHX CHXHajioB, nojtyHeHHOxo h 3 ncxonnoxo (|)njibxpa bbicokhx nacxox 


nepBoro nopaaKa, onncaHHOxo b pasneae 2 . 1 . 
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riepHOfliMecKaa HMnyjibCHaa xapaKTepHcinKa ananoroBoro (|)HJibTpa 
nojiyHCHHaa hs HX Hcxo^Horo (1.38) no (|)OpMyjie (1.46), noKaaaHa na 

pHC. 1 .25. 

3 

l_ 

2 

k-. 

t (mkc) 

Puc. 1 . 25 . riepuoduHecKcui uMnyjibcncui, xapoKmepucmuKa 0 BH. 

JlncKpeTHaa "'IX (|)HJibTpa //:(/), HaitaeHHaa no nsBecTHOH nacroTHOH xapaK- 
TepHCTHKe HcxoflHoro ananoroBoro (|)HJibTpa no (|)OpMyjie (1 .47), noKasana na 
pHC. 1 .26. 



i{mrr}(W\\) i{mrr}(W\ii 

Puc. 1 . 26 . AMmumydnan u ipasoeaH xapoKmepucmuKu ananozoeozo 0 BH. 

Ho HSBecTHOH nepHonnnecKOH HMnyjibCHon xapaKTepncTHKC hTif) ananoroBO- 
ro (|)njiBTpa c noMonibio (|)opMyjibi (1 .49) mo^ct 6biTb onpeaenena aBTOKOppenHLiH- 
onnaa (|)yHKnHa HX Rhjit), noKasannaa na pnc. 1 .27, a no (|»opMyjie (1.51) momcho 
oneHHTb nncKpeTHyio HacroiHyio xapaKTepncTHKy no MoniHocrn (JanibTpa Ki(f), 
npencraBJieHHyBO na pnc. 1.28. 
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f(MKC) f{m/T}(MrM) 

Puc. 1.27. AentoKoppejvujuoHHOJi ^yHxtjwi Puc. 1.28. Hacmonmaji xapoKmepucmuKa 0BH 
UMtiynbCHOuxapoKmepucmuKU 0BH. no Moupiocmu. 

^aJiee paccMorpHM nponeaypy naxo^imenna cnmana na Bbixoae jranennon 
uenn. AnaiioroBbiH nepnoanHecKun cnrHaji na Bbixoae c|)HJibTpa MoiaceT 6biTb nan- 
aen nyreM JinHennoH CBepncn cnraana na Bxone JinHenHon iienn c HMnyjibCHon xa- 
paKTepHCTHKOH 4’HJIbTpa: 

CO 

y^{t)=s^{tYh{t)= JjrW^(?-x)<ix,(B), (1.53) 

-CO 

rae «*» - onepauna JinHenHoii CBepTKH. /Jjia Toro hto6h H36aBHTbca or Heo6xoflH- 
MOCTH HHTerpHpoBaH) B 6ecKOHeHHHX npeflcjiax mo^o nepeimi or JiHHeHHOH 
CBepTKH K KpyroBOH CBeprnce nepHOflHHecKHX CHTHanoB. B 3 tom cjiynae CHTHan na 
Bbixofle (J)HJibTpa H ero cnexip MoryT 6 htb HafiflCHH cjieayioiiiHM o6pa30M: 

yTit)=T-s^{t)®h^{i), (b), 

S (1.54) 

Cnenp nepHoannecKoro cnmajia na Bbixone ananoroBoro i|)HJibTpa Moncer 
6brn> naHnen cjienyiomHM o6pa30M: 

rAf)=s,(fyn{J).{n-Z). (1.55) 

ABTOKoppejianHOHnaa (|)yHKnHH ananoroBoro nepnonnnecKoro cnmana na 
BHXone ananoroBoro (^HJibTpa MO>KeT 6 biTb HanneHa necKOJibKHMH cnoco 6 aMn: 

- no HSBecTHOMy curnajiy na Bbixone (|)HJibTpa: 

1 ^ 

^yrW=.VrW®.Vr(-0=-J>^rW>^r(^+^)'^^, (B^); (1.56) 

^ 0 
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- no HSBeciHOH AK<1> cnmana na Bxone (|)HJiBTpa n AK<l5 HMnyjibCHOH xapaK- 
TepHCTHKH ananoroBoro (|)HJiBTpa: 


r(^)~ ^ ~ (B^)- 


(1.57) 


CneKTp MoniHOCTH nepnoflimecKoro curnajia na BHXo^e (JiHUbTpa TaK^oe mo- 
)KeT 6 bitb HanneH necKOJiBKHMH cnocoGaMn: 


- no H3BecTHOMy cneKTpy curnana na BHXo/ie (JiHJiBTpa: 

Py j. [m] = [m] ■ Y^[m\ = |7j, [mf , (B^); 


PyAf)= Z^.rW-5 

V * J 




(1-58) 


(1.59) 


- no HSBecTHOMy cneKTpy moiiihocth CHTHana na Bxoae (|)HJibTpa h nacroTHOH 


xapaKTepHCTHKe ananoroBoro i|)HJiBTpa no moiiihocth: 

■ Pst M ■ ["^] , (B^>. 


(1.60) 


CneKTp MOIIIHOCTH H aBTOKOppejiaiiHOHHaa i|)yHKiiHa aHanoroBoro nepHOUH- 
necKoro CHTHana na BHXoiie (|)HJiBTpa CB^saHH Me^cay co 6 oh panoM ^>ypbe: 


npaMOH PO 


O^aiHblH P<t> 


1 ^ 2 fmt 

PyT[*A=ip\PyTit)e ^ 


2 nml 


■^ yrW = , (B^), 


r»-co 


PaccMOTpHM npHMep npoxoiaciieHHa ananoroBoro nepHoaHHecacoro CHraana 
ST{t) nepes (|)HnbTp bhcokhx nacTor nepBoro nopaaKa, orracaHHbm Bbime. CnrHaa na 
Bbixoae (JiHJibTpa y^it) h cneKTp 3Toro CHraana HaftaeHHbie no (JjopMyae 

(1 .54), noKasaHbi na pnc. 1.29 h 1.30 cooTBercTBeHHO. 



t (mkc) 

Puc. 1 . 29 . AHcmoeoebiu nepuoduHecKuu cuzhcui na etixode 0 BV. 
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f{m/T}(MrM) f{m/T} {M^^) 


Puc. 1 . 30 . AMWiumydHbtu u ^asoebiu cneKmpbi cu 2 Hoaa yx(t) na ebvcode 0 B^. 

J[j\si Haxo^cHH^ aBTOKOppeji^uHOHHOH (|)yHKUHH aHajioroBoro nepHOflHHe- 
CKoro CHTHana na Bbixoae c|)HJibTpa Ryj(t) uomio BocnojibsoBaibca (|)opMyjiaMH 
(1.56) HJiH (1.57). CneKTp moiiihocth Pyr[ni] nepHoaiiraecKoro CHTHana na Bbixoae 
MOHcer 6biTb oiieneH c noMonibio (|>opMyji (1.58) hjih (1.60). IIojiyHeHHHe 
AK<1> H cneKTp moiiihocth CHTHana na Bbixoae (|)HJibTpa npeacTaBJieHH na pHC. 1 .31 
H 1.32 COOTBeTCTBCHHO. 



-4 -2 0 2 4 -6 -4 -2 0 2 4 6 

f(MKC) f{m/T} (MTii) 


Puc. 1 . 31 . AemoKOppejtxifuoHHax (pywcifuji Puc. 1 . 32 . CneKtnp Moupiocmu cuzHcmayrO) na 
cuzHO/uiyr(l) na ebvcode 0 BV. ebixode 0 BH. 

/Ijm npoBepKH npaBHJibHocTH Haxo>KaeHHa aBTOKoppenanHOHHOH (|)yHKiinn n 
cneKxpa moiiihocth CHraana _y7(0 na Bbixoae (|)HJibTpa TaK>Ke BocnojibsyeMca Teope- 
Moii IlapceBana aJia nepHoaHnecKHX CHTHanoB h cbohctbom pasnoncemia b paa *l’y- 
pbe ana AKO CHTHana: 




(1.61) 


Tae Pycp — cpeanna sa nepnoa moiiihoctb CHTana 


28 



2. AHAJIH3 ^IHCKPETHblX CHEHAJIGB 


2.1. JlucKpeniHbie iiMnyjibCHbie cmnojibi 


2.1.1. CneicrpajibHaH njioTHOCTb /iHCKpeTHbix HMnyjibCHbix CHrHajios 


iHCKDeiHoe BO BDeMCHH iiDeobDasoBaHHe 




/iHCKpeTHBiH HMiiyjiBCHHH CHFRaji nojiyHacTca H 3 aHajioroBoro CHTHajia ny- 
T 6 M flHCKpeTH 3 aUHH nepHOfllMeCKOH nOCJieflOBaTeJIBHOCTBIO < 5 -(J)yHKLIHH, OTCTOmnjIX 
flpyr OT zipyra Ha HHrepBan zuicKpeTHaamni h hmcioiiihx bcc, pasHUH T^'. 


(0 = Z ) = Z « ^a ), (B), 


«■-« 


«■-» 


[«] = rj , (B'c). 


(2.1) 


(2.2) 


CneKTp ziHCKpeTHoro HMiiyjibCHoro CHiHajia onpeaejiaeTca c noMombio npa- 


Moro /IBnO: 


5A(/)=Z^AH^■^"""^(B•cX 


(2.3) 


«■-» 


rzie Ti - HHTepBaji ziHCKpeiiisaitHH CHTHajia. 

06paTHOe /IBIIO nOSBOJiaeT BOCCraHOBHTB AHCKpeTHblil HMnyjIbCHblH CHTHaJI 


5'a[«] h 3 ero cneKTpa: 


\/T, 

^A M = • j ■ 




(2.4) 


CneKTp flHCKpeTHoro HMnyjibCHoro cnrHajia xaK^e MO^er 6 biTb nojiyneH no 
HSBecTHOMy cneKTpy aHajioroBoro HMnyjibCHoro CHTnajia: 


(2.5) 


k~-03 


= I,S /-- ,(B-c). 


2.1.2. ABTOKoppejiHUHOHHaH ^yHKUHH ziHCKpeTHbix HMnyjibCHbix CHrna- 


JIOB 


ABTOKOppejiauHOHHaa (|)yHKiiHa ziHCKpeiHoro HMnyjibCHoro CHraaira or^ezi;e- 
jiaeTca cjieziyioiiiHM cooTHomeHHeM: 
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( 2 . 6 ) 


^saW= Z-^SAW^(^-«^a), (B^-c), 

n^-co 

CO 

^saW=-^aW*-^a[-«]= Z^aW^a[« + ^],(B-c)X (2.7) 

CO 

rfle «*» — onepaiffi^ jranenHOH ancKpeTHon CBepTKH^ . 

2A3. 3HepreTHHecKHH cneicrp jiHCKpeTHbix HMnyjibCHbix cnrHaioB 

3HeprernHecKHH cneKTp ancKpeTHoro HMnyjiBCHoro cnrHajia: 

^>'s«(/)=5».(/)-«;A(/)=|«.*(/f,(B-c)^ (2,8) 

3HepreTHHecKHH cneKTp h aBTOKOppejiauHOHHaa (|>yHKiiHfl ziHCKpeTHoro hm- 
rtyJibCHoro CHTHajia CBHsaHbi Me^y co6oh 

npjiMoe SBU<t> 06paTHoe 

CO 1/^ 

«■-« 0 

PaCCMOTpHM ZIHCKpeTHHH HMnyjIbCHHH CHTHaJI 5 'a[«], nOJiyHCHHHH H3 HCXOfl- 
Horo aHajioroBoro HMityJiBCHoro CHrnajia (1.3) npH ziHCKpeTH3aitHH ero c nacTOTOH 
flHCKpeTHsaiiHH /a = 5 MTu (nepHOfl ziHCKpeTH3anHH Tn = 0,2 mkc) corjiacHO BHpa- 
»»HHIO (2.2). /iHCKpeTHblH CHTHaJI nOKa33H Ha pHC. 2. 1 . 



f {n- Ta} (mkc) 

Puc. 2.1. HucKpemHbiu UMny/ibCHbiii cuzhcui ja[h]. 


' JbmeHHax CBepxKa zpicKpeTHLix HMiiynLCHHX CHrnajioB: 

CO 

>’aW =-Ta[«]*.*a[«]= Z'^a[^].*:a[«-*] 

fc=-co 

tt tt tt 


30 



CneKTp flHCKpeiHoro CHTHana ja[h] mo>kho onpeziejiHTb c noMombio BMpaace- 

HHH (2.3) HJiH (2.5): 


f - ^ 


_ .T’ ( 1 , 1 


(2.9) 


AMnjTHiyziHbiH H (|)a30BHH cncKTpH CHFRajia 5 a[«] noKasaHU Ha pnc. 2.2. Co- 
rjiacHO CBOHCTBy npeoGpaaoBaHiia <I>ypbe: 




d‘ T+ 1 « 0>99 , (B-mkc). 


( 2 . 10 ) 



f(MrM) f(MrM) 


Puc. 2.2. AMmumydHbiu u (pcBoebiu cneKmpbi ducKpermoeo UMnynbCHOzo cuznana 


ABTOKOppejimHOHHaa (|)yHKLiHa flHCKpeTHoro HMnyjibCHoro CHrnana Moacex 
6 htb Haiin;eHa c noMomtio onepauHH CBepTKH (2.7), a 3Hq3reroHecKHH cneiop - c 
noMoniBK) BHpaaceHHa (2.8). h SHepreTHHecKHH cneKTp camajia Sa[w] noKasa- 
HblHapHC. 2.3 H 2.4 COOTBeTCTBeHHO. 



t{nTa}(MKC) f(Mfi4) 


Puc. 2.3. AemoKoppemifuoHHasi ^ywcifwi Puc. 2.4. SHepaemuuecKuit cneKmp cuznana stJji\. 

CUZHCUia 5 a [«]- 
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CoriiacHO TeopeMe IlapceBajia ana aHCKpeiHoro HMnyabCHoro CHTHana h 

CBOHCTBaM 7(RTT<t> aJM AK'I’ CHrHana: 

F^n 


«A0] = ?; 0,23, (B-mkc)’, 


-r^f2 


tu 

2^sAW«0,97,(B-MKcy. 


««-co 


22 JluaqyemHbie nepuoduHecKue cuzHcuibi 


2.2.1. CneKTp ancKpernbix nepnoanHecKHX cnrnajioB 


(2.11) 


jHCKpeTHoe npeo6pa30BaHHe Ovpbe (JIIO) [«] <=> [m\ 

^HCKpeTHbiH nepHoamecKHH CHTHan Moacex 6biTb noayneH necKoabKH- 
MH cnoco6aMH: aH6o h 3 ancKpeTHoro HMnyabCHoro CHTHana 5 'a[«] nyrcM cyMMHpo- 


BaHHa ero saaep^caHHbix kohhh nepes paBHbie HHTepBanbi BpeMCHH: 


‘yA/[«]= ,(B-c). 






( 2 . 12 ) 


(2.13) 




k»~co 


rae T = M'T^ - nepnoa noBTOpeHHa aHCKpeiHoro CHTHana (N - HaTypanbHoe hhc- 
no), nnGo h 3 aHanoroBoro nepHoannecKOTO CHTHana S'j{t) nyaeM aHCKperHsanHH ne- 
pHoaHHecKOH nocneaoBaTenbHOCTbK) «5-(|)yHKLtHH, crrcToaniHX apyr or apyra na hh- 


TepBan aHCKpeiHsauiiH T^,, h HMeiomHX Bee, paBHbiH Ti,: 

= (B-c). 


(2.14) 


CneECTp ancKpcTHOTO nepHoaHaecKOTO CHTHana onpeaenaeTca c noMonibio 


r^aMoro /inO; 


2 xml 


Ixmt 


X A A A 


0 «— CO 

2 xmt 


AT-l T _ ixmt 

^ dt = 

n 


N-\ 


NT 


Z [« 


2lt 

; — n m 

" .B 


(2.15) 


a «=o 


06paTHoe /fHO no3Bonaex BoccraHOBHTb aHCKpeiHbiH nepHoaHaecKHH cht- 
Han %[«] H3 ero cneKxpa: 
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A'-l 


2 M 




(2.16) 


«=Q 


CneKTp flHCKpeTHoro nepHOflHHecKoro CHTHajia xaK^e Mo^er 6uTb nafifleH no 


HSBecTHOMy cneKTpy ancKpeTHoro HMnyjibCHoro CHmana: 




A^n “lA^r 


,(B), 


(2.17) 


wu 

Z f 




N-T. 


, (B-c). 


(2.18) 


/iHCKpeTHHH nepHoaiwecKHH CHTHaji 5 a{«] TaK»:e Mo^er 6 hti> HaiifleH c no- 
MombK) oGpaiHoro ^BI1<I> or •S'^(/): 


i/J i/r, „ f 

■ J Z -s^wj /- 


p «»-e© 


NT. 


T V 


A/-1 .2ff 

^ r 1 ^ « « 

n«0 


(2.19) 


,B-c. 


2.2.2. ABTOKoppejMUHOHHaH <|iyHKUH$i jHCKpeTHbix nepiioiiiiHecKiix ciir- 


HaJIOB 


ABTOKOppejiauHOHHaa (|)yHKUH^ flHCKpeiHoro nepHozunecKoro CHTHajia on- 


peziejiaeTca cjieziyioiiiHM o6pa30M: 


Rsn [A = [A ® [- A = Z [A [« + *], (B^-C), 


( 2 . 20 ) 


^sn(A= 'Z^sAA^i^~^^A,(^% 




rzie «®» - onepaiDia zuicKpeTHoii KpyroBoii cbcptkh’. 


( 2 . 21 ) 


‘ KpyroBaa (ujoanwecKaa) CBepnca zijicKpeTHLix nepHozijiHecKHX CHTHaaoB: 


j iV-1 




AUi> Z tl tl 
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2.2.3. CneKTp moiuhocth zincKpernbix nepnoziHHecKHX cnrnajioB 


CneKTp MouiHOCTH ziHCKpeTHoro nepHoziHHecKoro cnrHana: 


7siv[^] - [^] ■ ‘^SA/[^] - *^SA'[^] , (B ), 


( 2 . 22 ) 


f-~ ,(B^-o). 


/W--CO 


NT 


(2.23) 




NT. 


np®»ioe JJXIO 

1 N-i 


06paTHoe 


d ^-0 


j — nm r T r 1 7 — nm 

^ ,(B^), RsN[A='^i-Y.^SNWV ^ .(B^-c). 


^HCKpeTHBIH nepHOaOTeCKHH CHTHan nOJiyneHHHH H3 ZIHCKpeTHOrO HM- 

nyjibCHoro curnajia ^aC^] c noMoniBio Btipa^eHHH (2. 1 2) ajia A7 = 1 0, noKa33H Ha 


pHC. 2.5. 


0,4 

...as 
I 0.2 
S 0,1 


• 0,1 



0 2 
f {«• (MKC) 


Puc. 2.5. ffucKpermbiu nepuodunecKuu cuznofi [n]. 

CneKTp CHTHajia [«] HaHfleM c noMoniBio BHpa>KeHHa /III'I’ (2.15). Amhuh- 
lyaHbiH H 4>a30BbiH cneKTpbi CHTHajia % [«] noKasanbi Ha pHC. 2.6. 


0.5 

.-.0,4 

m 

— 0,3 
S 

.? 0.2 



-6-4-20 2 4 

f[m/T}{Mru) 


^ Tt/2 
ra 

B n/4 

I 0 

^-n/4 
™ -n/2 



-6-4-2 0 2 4 

f{m/T}(MrM) 


Puc. 2.6. AMnnumydHbtu u ^asoebiu cneKmpbi ducKpenmozo nepuodunecKozo cuzncuia sn [n] 
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CorjiacHO CBOHCTBy 7 PT<I>: 




NT 


( 2 . 24 ) 


a «=Q 


ABTOKOppejiauHOHHaa (|)yHKLtiia ziHCKpeTHoro nepHO^HHecKoro CHraana mo- 
)KeT 6 biTb HafifleHa c noMonibio onepauHH KpyroBofi CBepncH ( 2 . 20 ), a cneicip Mom- 
HOCTH - c noMOTTTBK) BHpa>Kefflia ( 2 . 22 ). AK<I> h cneKTp moiiihocth CHTHana 5 'at[«] 
noKasaHBi HapHC. 2.7 h 2.8 cootbctctbchho. 


0,15 


g 0,12 


( N 

m 0,09 
•^0,06 
0,03 


-2-1012 
t{nTs} (MKC) 

Puc. 2 . 7 . AemoKoppejaifuoHHM (pywofuz 

cuzHOfia [n]. 



0,25 

- 0,2 

-j ’ 

CO 

fo,15 

^So,i 

0,05 


-6-3036 
f{m/T} (WrM) 

Puc. 2 . 8 . CneKmp Moufitocmu cueHcmasfj[n]. 



ComacHO TeopeMe IlapceBajia fljia zmcKpeTHoro nepHOflunecKoro CHTHana: 


j; ■ 0 . 12 . (b’ -mkc). 




2i^[0]=^-i;2!.,M»0,24,(B'). 

n-0 


( 2 . 25 ) 


2.3. Ahojius npoxocHcdenuji ducspemubix cumajioe nepes AUHeuHbte nenu 


2.3.1. /l^HCKpeTHbie HivinyjibCHbie cnrHajibi 


npoBeflCM anajiHS npoxo^eHHa flHCKpeTHoro HMnyjibCHoro CHTHana 
5 'a[«] Hepes JiHHeHHyio uenb (pnc. 2 . 9 ). 



h^[n] « Ha (0 

Puc. 2 . 9 . ripoxooKdeHue ducKpenmozo UMnyjibCHOzo cuzncuia nepes /lUHeuHyjo ifem. 
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liMnyjibCHaa xapaKTepHciHKa UH'l’poBoro (|)HJibTpa mokct 6 biTb nojiyneHa, 
Har^HMCp, nyrcM nHCKpeTHsaiiHH nepHoannecKOH nocjienoBaTejibHOCTbio < 5 -(|)yHK- 
HHH, OTCToamHX flpyT OT flpyra Ha HHrepBan nHCKpeTHsaiiHH T^,, h HMeioninx Bee, 
paBHMH Tf), HMHyjibCHOH xapaKTepHCTHKH aHanoroBoro (|)HJibTpa-npoTOTHna h{t)\ 

CO CO 

K (t) = T^Yj - n T; ) = 2 [n] &[t-nT, )^ (Pu), (2. 26) 

««-co ««-co 

*(«!’,), ( 6 /p), ( 2 . 27 ) 

Tfle Td - HHTepBan flHCKpeTHsauHH CHTHana 5 a[«]. Mexon CHHxesa HH(|)poBOTO 
(JtHJIbTpa ItyTCM ;iHCKpeTH 3 aHHH HMHynbCHOH xapaKTepHCTHKH aHanOTOBOTO (|)HnbT- 
pa-npoTOTHna HasbiBaexca MexoaoM HHBapHaHTHOH HMnynbCHOH xapaKTepHCTHKH 
[ 12 ]. 

^CTOTHan xapaKTepHCTHKa iiH(|tpoBoro (|>HJ[bTpa Mo^ex 6 htb nonyneHa no 
HSBecTHOH HacTOTHOH xapaKxepHCTHKe aHanoroBoro (|)HJ[bTpa-npoTOTHna H(J)\ 

«»(/)= ( 6 /p). ( 2 . 28 ) 

^pyTHM cnocc^oM Haxo^eHHa nacTOXHOH xapaKxepHCXHKH nH(|)poBoro 
(])HnbTpa t^(f) no HSBeexHOH CHCxeMHOH nepeaaxoHHOH (|)yHKLiHH H{p) aHanoroBoro 
(])HnbTpa-npoTOTHna aBJiaexca Mexoa 6 HnHHeHHoro npeo 6 pa 30 BaHHa, nonpo 6 HO 
paccMOTpeHHbiH B [ 12 ]. Cyxb Mexofla GnnHHeHHoro npeo 6 pa 30 BaHHS CBOflHxcn k 
TOM y, HTO nomoca Ha p-nnocKoexH CHCxeMHOH nepeaaxoHHOH c|)yHKiiHH H{p) aHano- 
roBoro (|)HJibTpa-npOTOTHna saMeHmoxca nomocaMH na >nnocKocxH: 

( 2 . 29 ) 

Tjifi Td — nepHoa aHCKpeTH 3 aiiHH, nocjie Hero ocyuiecTBJineTCH nepexofl ot chct 6 m- 
HOH nepeflaxoHHOH UH^poBoro (|)iinbTpa H{z) k ero nacTOTHOH xapaKxe- 

pHCTHKe nyxcM 3 aMeHbi 

H N)= ■ ( 2 . 30 ) 

PtwriynbCHaa h HacxoxHaa xapaKxepHCTHKH HH(|)poBoro (|)HnbTpa CBaaaHbi 
^ipyr c flpyroM nHCKpexHbiM bo BpeMenn npeo 6 pa 30 BaHHeM <l>ypbe: 
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npaMoe 7[RTT<I> 


Z^a[«] 


-jlxfnTi 


OGpaxHoe 


# , (6/p). 


?2=-CO 


ABTOKOppejiauHOHHaa (|)yHKiiHa HMiiyjibCHOH xapaKTepHCTHKH ht^ri] ijHcJ^po- 
Boro (|)HJiBTpa MO)KeT 6biTb onpeziejieHa cjieayiomHM oGpaaoM: 


^.aW= Z^.AW5(/-«r,),(ruX 


(2.31) 




A [«] = K [«] * ^A [- «] = 2 ] ^A [^] K [« + ^ 1 , ( 6 /p), ( 2 . 32 ) 

CO 

rae «*» - onepamia jraneiiHOH cBepncH. 

SnepreTOTecKaa HacTOTHaa xapaKTepHcraEca UH^jpoBoro i^iuibTpa onp^ejia- 
eTca cooTHomeHHeM: 

( 6 /p), ( 2 . 33 ) 

rae «*» -KOMnaeKCHoe conpa^HHe. 

3HepreTOTecKaa nacTOTHaa xapaKTepHciHKa h aBTOKOppeaauHOHHaa 4>yHKUHa 
LtH(|)poBoro (|)HabTpa CBasaHH Meacay co6oh /IBII'l’: 

npaMoe /ISnO OGpaTHoe 

»*(/)= ( 6 /p), R>,AA=T,-]a,(f)e>^''-^‘df 

«— CO p 

B KanecTBe npHMepa paccMorpHM npoueaypy CHHresa UH(j)poBoro (JttuiBTpa 
BbicoKHX HacTOT HO aHanoFOBOMy npoTOTHny aByMa cnocoGawH. liMnyatcHaa xa- 
paKTepHCTHKa iiH(|)poBoro (JiHabxpa /za[«], noayneHHaa nyTCM aHcaq^erHsaiiHH ne- 
pHoairaecKOH nocaeaoBaTejiBHOCTBio < 5 -(|)yHKLiHH HMnyjibCHOH xapaicTepHCTHKH 
aHanoroBoro (|)HJiBTpa-npoTOTHna h{t), onpeaejiaeMoii Bbipa^eHHCM ( 1 . 38 ), orqDeae- 
jiaeTca cjieayiomHM cooxHomeHHeM: 

K [”] = ■ Kn T, ) = AS[n]~ P ■ exp(- p-n T, )■ w[n], ( 6 /p), ( 2 . 34 ) 

rae u[n\ - aHCKpeinaa (j^ymcTTPra XeBHcaiiaa, A - bccoboh K03<|)(J>HLineHT aHCKper- 
HOH <5-(|)yHKLtHH, onpeaejiacMbiH comacHO CBoiicTBy npeoGpasoBaHHa <I>ypbe: 


u; w 

Y^\[n]= AS[n]-Y,P- exp(- p-nT^)-u[n\ 


(2.35) 


>j = 0 


n=0 
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rae H(Q>) — SHaneHHe HacTOTHOH xapaKTepHciuKH UH(|)poBoro (|)HJibTpa b Hyjie. 

npH CHHTese UH(|)poBoro (|)HJibTpa MBToaoM GHJiHHeHHoro npeoGpasoBaHHa hs 
CH creMHOH nepeaaTOHHOH if)yHKTirm aHanoroBoro (|)HJibTpa, onpeaejiaeMOH cootho- 
mCHHCM 


//w=-^ 

p+p 


(2.36) 


coriiacHO orracaHHOH Bbime MexoanKe nojiyHHM HMnyjibCHyio hAji\ h nacTOTHyio 
xapaKTepHciHKH (^njibTpa. TlHCKpexHaa HMnyjibCHaa xapaKTepHCTHKa UH(|)po- 
Boro (|)HabTpa, nojiyncHHaa MexoaoM HHBapHanxHOH HMnyabCHoii xapaKxepHcxuKH, 
noKasana Ha pHC. 2.10 a), HMnyabCHaa xapajcxepHcxnKa, noayneHHaa MexoaoM 6 h- 
jiHHeHHoro npeoOpasoBaHHa, noKasana Ha pHC. 2,10 6). Hs pHcyHKa BHano, hxo hm- 
rtyabCHbie xapaiaepHCXHKH npaicxunecKH HaeHXHHHbi apyr apyry, noaxoMy aaiibme 
6yaeM paCCMaXpHBaXb Id(|ipOBOH (|>HJ[bXp, CHHXeSHpOBaHHHH MeXOaOM GHaHHCHHO- 
ro npeoOpasoBaHHa. 


0.5 


0,25 

I 

X 0 
c 


•0.25 


-0.51- 

-2-1012 -2-1012 

f{o-ra}(MKC) f{nTa}(MKc) 

Memod UHeaput3Hrmou HX 6) Memod dmunemoeo npeo6pa3oecmm 

Puc. 2.10. HMtiy/ibCHbie xapoKmepucmuKU ifurppoeozo rpu/ibmpa SbicoKux Hacmom. 

rio H3B6CXHOH HMnyjibCHOH xapaKxepHCXHKe (|)HJibxpa hpji\ c noMonibio aHC- 
KpexHoro BO BpeweHH npeoGpasoBamia <I>ypbe onpeaemiM Hacxoxnyio xapaKxepH- 





-0,5 


-II- 

-2 



CTHKy uji4)poBoro (^HJibxpa HpJ), noKasaHHyio Ha pHC. 2. 1 1 : 
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MacTOTa (MTii) Hacrora (MTlO 


Puc. 2.11 . AMtmumydHca u ^asoeaa, xapoKmepucmuKU tfu^poeozo 0BH. 

Ho H3BeCTHOH nepHOflHHCCKOH HMIiyJIbCHOH XapaKTCpHCTOKe UH(J)pOBOrO 
(|)HJibTpa c noMonibio (JjopMyjiH (2,32) Mo»:eT 6 htb onpeaejieHa aBTOKOppenaiwoH- 
Haa ^jyHKroia HX noKasaHHaa na pHC, 2,12, a no <|)OpMyjie (2.33) MoacHO 

OLteHHTb anepreTinecKyio HacTorayio xapaKTepHCTHKy 4>HJiBTpa Ga(/), npeacraB- 
jieHHyio HapHC. 2.13. 



f{nTa}(MKC) f(MrM) 

Puc. 2.12. AemoKOppejvufuoHHOA 4>ynKifwi Puc. 2.13. SHepzemusecKox sacmonmax 

HX ifucppoeozo <PBH. xapoKmepucmuKa tfu^fpoeozo 0BH. 

rioflo6Ho aHajioroBOMy cHraajiy ^HCKpeTHbiH HMnyjibCHbiH cHTHan na Bbixofle 
UH(|)poBoro (|)HJibTpa MoxceT 6biTb HaiiiieH jih6o no nsBecTHOMy CHTHaiiy na BXOfle 
(|)HJibTpa H HMnyjibCHOH xapaKTepncTHKe (|)HJibTpa (bo BpeMCHHOH o6jiacrn), jih6o 
no HSBecTHOMy cneKTpy cnrHajia na Bxofle (|)HJibTpa h KOMroieKCHOH HacroraoH xa- 
paKTepHCTHKe (|)HJibTpa (b nacToiHOH oGnacTn): 

CO 

>^A [«] = [«] * K [«] = 2] ^a[^] K [« - ^] , (B • c), 

MBH0 tl H II (2.37) 

J^a(/)= 5 ,(/)- 7 /,(/),(B -4 
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r^e — onepapna jranenHOH CBepTicH. 

AfiTOKoppejiaiiHOHHaa (|)yHKnHa ancKpeTHoro HMnyjibCHoro CHraana na bh- 
xofle LiH<J)poBoro (^HJibxpa Moacex 6biTb naiiiieHa HecKOJibKHMH cnoco6aMn: 


— no HSBecTHOMy cnrHany na Bbixo^e <|)HJibTpa: 

CO 

a[«] = W * >^a[- «] = S •I'a [^] >^A [« + ^] , (B-C)^ 


( 2 . 38 ) 


k—co 


- no HSBecTHOH AK'I’ cnrHana na Bxo^e (|)HJibTpa n AK‘1> HMnyjibCHOH xapax- 
TepncTHKH nn 4 )poBoro 4 >HJibTpa: 


A W = A A [«] = S A W A " ^1, (B‘C)l 


( 2 . 39 ) 


is-CO 


3HepreTHHecKHH cnexip cnrnajia na Bbixone (|>HJibTpa Taxace Mo^er 6HTb 


nanaen necKoabKHMH cnoco6aMn: 

- no HSBecTHOMy cnexTpy CHTHajia Ha BHXoae (|)HJibTpa: 


(2.40) 


- no HSBecTHOMy SHeprenraecKOMy cnexTpy CHTHana na Bxoae (|)HJibTpa h 


jcTHOMy SHeprenraecKOMy cnexTpy CHrnajia na . 
HaCTOTHOH XapaKTepHCTHKe LtH(|)pOBOrO (|)HJIbTpa: 


(2.41) 


SHeprexHHecKHH cnexip h aBTOKoppejiauHOHHaa (|)yHKLiHa aHCKpeiHoro hm- 
rtyabCHoro CHTHajia Ha BHXoae UH(|)poBoro (|)HJibTpa CBasaHH Me»ay co6oh anc- 


KpeiHbiM BO BpeMeHH npeo6pasoBaHHeM <l>ypbe: 


rtpaMoe 


w 




,(B-c)\ R^J^n] = T, - J 


OOpaiHoe 7TBTT<I> 

i/r, 




#,(B-c> 


«*“CO 


AnajiorHHHO aHanoroBbiM CHmanaM paccMoxpHM npnnep npoxoRaenna aHC- 
KpeiHoro HMnyjibCHoro CHraana s’a[«] nepes nH(|)poBOH (|)HJibTp bhcokhx nacTor. 
CHmaa na Bbixoae t^HJibTpa >'a[«] h cnexTp SToro cnmana 7 a(^, nanaeHHbie no 
(JxjpMyjie ( 2 . 37 ), noxasanbi na pHC. 2. 1 4 h 2. 1 5 cooTBercTBenHO. 
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o 

cb 


(mkc) 

Pwc. ffucKpenmbiu UMnym>CHbiu cuena/i na ebtxode tfutppoeoeo 0BH. 



fmru) f{Mrn) 

Puc. 2.15. AMWiumydHbtu u (pasoebtu cneKmpbt cuzna/ia yt^[n] na ebtxode tju^poeozo 0BV. 

/Jjia naxo^aemia aBTOKOppejiauHOHHOH (JtyHKUHH flHCKpeTOoro HMnyjibCHoro 
CHFHana na BHXofle mi(|)poBoro (|)HJiBTpa Ry a[«] mo:*ho BocnojibsoBaTbca 4>opMyjia- 
MH (2.38) HJiH (2.39). 3HepreTHHecKHH cneKTp Wy ^(f) cHrnajia Ha BBixoae mo- 
»6T 6biTb oiteHeH c noMoiiibio 4>opMyji (2.40) HJIH (2.41). IlojiyHeHHbie AK^> h 
3HepreTHHecKHH cneKTp cnrHajia Ha Bbixoae (|)HJibTpa npencraBJieHbi na pHC. 2.16 h 
2.27 COOTBeTCTBCHHO. 

H3 cpaBHCHHa pHc. 1.22 H 2.16 bhaho, hto AKC> jiHCKperHoro HMnyjibcHoro 
CHTHajia Ha Bbixone HH(|)poBoro (|)HJibTpa Ry a[«] coBnanaeT co SHaqcHHHMH AtC<I> 
ananoroBoro HMiiyjibCHoro CHTHajia na Bbixone C'B'^ nepBoro nopajiKa b momchth 
B peMeHH, KpaTHbie nepHouy HHCKpeTHsauHH c tohhoctbio ho BecoBoro ko 3 <J)(J)h- 
HHeHTa. 

Hs cpaBHeHHa pHC. 1.23 h 2.17 bhhho, hto 3HepreTHHecKHH cneicrp HHCKper- 
Horo HMiiyjibCHoro CHTHana na Bbixone UH'l’POBoro (|)HJibTpa Wy a(/) HBJiaercH ne- 
pHOHHHecKHM HOBTOpeHHeM SHepreTHHecKOTO cneKTpa Wy(f) Ha Bbixone aHanoroBO- 
ro (|)HJibTpa c nepHOHOM noBTOpenna/^. 
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i{/?-ra}(MKc) f(MrL|) 


Puc. 2.16. AemoKoppejizifuouHon ^yHxtjwi 
cu3Hafiay/i[n] na ebtxode 0BH. 


Puc. 2.17. SnepeemuHecKuu cneKmp cuzHcuia 
^ a [ h ] na ebtxode 0BH. 


CorJiacHO TeopeMe IlapceBaJia ana HHCKpexHoro HMnyabCHoro cHTHana h 
CBOHCTBaM HJM AK'I’ cHTHajia: 

FJl 


J0] = » 0.03. (B -mkc)', 

-i^^/2 

»'m(o)= I:^,*[«]=o. 


(2.42) 


«■-« 


^jia npoBepKH npaBHJibHociH naxo^aenna ancKpeTHoro CHTHana na BHXoae 
UH^'poBoro (j)HJibTpa >»a[«] npoBeaeM ero BoccTaHOBaenne c noMonibio HaeaabHoro 
<t>H^ HacTOTHaa xapaKxepHcraKa KOTOporo onpeaejiaeTca caeayioiiiHM o6pa30M: 


«(/)= 


1. |/|s/a/2 

0. |/|>/a/2’ 


(2.43) 


rae^ = 5 MTh - nacroTa aHCKpeTHsaunH CHTHana. 

BoccraHOBJieHHbiH CHTHaji na BHXoae (|)HJibTpa bbicokhx nacTcrr y(?) h ana- 
JIOrOBblH HMItyJIbCHfalH CHTHaJI HB BblXOaC HepBOTO HOpaHKa, HOJiyHeHHblH b 

pasaejie 2. 1 , noKa3aHbi na pHC . 2.18. 

Ms pHC. 2.18 bhhho, hto HanGojibniHe HCKa>KeHHa b BoccTanoBJieHHOM CHrna- 
jie >’(f) npHxoaarca na MOMenr CKaHKa npH t = 0. 3 to mojkho o6bacHHTb norepeH 
HaCTH HH4)OpMaiIHH O CHCKTpe CHTHaJia B CBa3H C ero aHCKpeTH3aHHeH. 
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s 

X 

Puc. 2.18. Cpaenenue ana/ioeoeoeo UMnym>CHOzo cuena/ia na ebixode 0BHc 
CU2HCU10M, eoccmoHoe/ieHHbiM U3 ducKpenmozo cu2Hcuiayt\^n\ udecuihHhiM 0HH. 

2.3.2. /^HCKpeTHbie nepHo;iHHecKHe CHrHajibi 

PaccMOTpHM npoxo»meHHe zmcKpeiHoro nepHoainecKoro CHTHana 
sr^n] Hepes JiHHeHHyio uent (pHC. 2,19). 



- 2-10 1 2 


t (mkc) 



hN[n] <=> Hw(f) 

Puc. 2.19. IJpoxooKdenue ducKpermozo nepucdunecKozo cumana sepes nuneunyfo tjenb. 


HNinyjibCHaii xapaKTepHCTHKa UH(|)poBoro (|)HJibTpa h}^[n\ AHCKper- 

HOH nepHOflmecKOH (|)yHKUHeH h Mo:«ceT 6biTb nojiyneHa h 3 h^n\ cjieayiomHM o6- 
pasoM: 

CO 

K[A= -(6/pX (2.44) 

/fe— CO 

CO CO 

K{t)= (2.45) 

^■-co /i;»-co 

rzie T ~ NT^ - nepHOfl noBTopcHHa aHajiHSHpyeMoro flHCKperHoro CHraana (N — 
uejioe HHCJio). KpoMe Toro, HMnyjibCHaa xapaKTepHcinKa iiH(J)poBoro (J»mn>Tpa 
hi^n] MO)KeT 6 bitb nojiyneHa h 3 nepHOflmecKOH HX aHanoroBoro (J»ron>Tpa- 
npoToiima hj(t) nyren ee flHCKpeTHsauHH nocjieflOBaTejibHOCTbio <5-(J>yHKLiHH, or- 
CToaniHX zipyr ot apyra Ha HHrepBan flHCKpeiHsaHHH Td, h HMeiomHX Bee, paBHHH 

T,: 
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TacTOTHaa xapaKTepHcxmca iiH<|’poBoro (|)HJibTpa Hu[m] MO>KeT 6biTb nojiy- 
HCHa no HSBecTHOH HenpepbiBHOH nacTOTHOH xapaKTepHCTmce UH(|)poBoro (|)HJibTpa 




nt/ ^ 


(2.47) 


fiM)= Z ^»H-s f- 


mrn^<0 


N-TJ’ 


(2.48) 


HJiH nyreM nepnoAHHecKoro noBTopemia nepHOflunecKOH nacTOTHOH xapaKTepHcra- 
KH ananoroBoro ^JUJibipa-npoTomna 


HAm]= f^HAm-kN] , (Fu), 


(2.49) 




HMnyjibCHaa n nacTOTHaa xapaicTepHCTHKH iiH(|)poBoro (|)HJibTpa CBasaHH 


apyr c apyroM aHCKpernbiM npeoSpasoBaHHeM Oypbe: 


npaMoe 


06paTHoe /IHO 


H^[tn\ = 


1 A/-I _ « 

— ■i^K\n]e " ,(Fu), 

«-o 


A/-1 .2ic 

W t_ r 1 J «« 


. (6/p). 




ABTOKOppeJMUHOHHaa (|)yHKL[H^ flHCKpeTHOH nepHOflHHeCKOH HMnyjIbCHOH 
xapaKTepHcniKH uji4>poBoro (|)HJibTpa h!^n] onpeaejiaeTca cjieziyioiiiHM o6pa30M: 


w W = W® [- «] = Z [« + ^] > (6/p), 


(2.50) 


^^, wW = Z-^;,wW 5(/-H7;),(ru), 


(2.51) 


««-<o 


r^e «0» — onepauna flHCKpeTHOH KpyroBOH CBepncH. 


AKO nepnoflHHecKOH HX HH(|)poBoro (|)HnbTpa MO>KeT Ghtb HaiiiieHa no h 3- 
BecTHOH nepHoanHecKOH AK < I > HcxoflHoro ananoroBoro (|)HJibTpa: 




(2.52) 


A- -CO 


/fc— CO 




rjifi «^» — onepauHH JiHHeHHOH CBepxKH. 

^HCKpeTHaH HacTOTHa^ xapaKTepHCTHKa no moiiihocth UH(|)poBoro (|)HJiBTpa 


or^eflejiaerca cooTHomcHHeM: 
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NT. 


NT. 


= NT,-HM-H-Am] = NT,-\HM\\ (^^), (2.53) 


W 

X-e„W-5 f- 




N-T. 


, ( 6 /p), 


(2.54) 


rzie « » - KOMnjieKCHoe conpa>KeHHe. 

’lacTOTHaa xapaKTepHCTHKa no moiuhocth h aBTOKOppejiapHOHHaa (J)yHKHHa 
nepHoziHHecKOH HMnyjibCHOH xapaKTepncTHKH nn(|)poBoro (|>njibTpa CBasanu Me:acay 


C 060 H ziHCKpeTHHM npeoGpasoBanneM <I>ypBe: 


npaMoe /(ITtp 


OGpaTHoe 


K^[m]^ 


NT 




2 n 

® " ,(rn), 




d ^-0 


n«D 


PaccMOTpHM npHMep Haxo»:aeHHa BpeMeHHHX h nacTOTHMX xapaioepHCTOK 
LtH(|)pOBOrO (|)HJIbTpa flJia flHCKpeiHHX nepHOZIHHeCKHX CHTHaJIOB Ha OCHOBe (J)HJIBT- 
pa, onHcaHHoro b pasflene 2 . 2 . 

riepHoziiraecKaa HMnyjitcHaa xapaKTepHCTmca UH(|)poBoro 4 >HJiBTpa no- 

jiyncHHaa h 3 I4X h^[n] (pHC. 2.1 0 6) no (|)OpMyjie (2.44), noxasaHa na pHC. 2.20. 


^ 0 


-0,5 



-1' ^ 

-4 -2 


t{n-Tg} (mkc) 


Puc. 2.20. IJepuoduHecKca imnyjibCHCui xapoKmepucmuKa tjuippoeoeo 0BN 


/IncKpeTHaa nepnoflnnecKaa HacTornaa xapaxTepncTHKa uncJjpoBoro (|)PLin>Tpa 
nannennaa no nsBecTHon nenpepbiBHon HacroiHon xapaKrepncTHKe nncj^po- 
Boro (|)njibTpa (f) no (|)opMyjie (2.47), noxasana na pnc. 2.21 . 
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f{m/T}(MrM) f{m/T}(MrM) 


Puc. 2 . 21 . AjAimumydnasi u ^asoeax xapoKmepucmuKU i{u^poeo 20 0 B^. 

rio HSBeciHOH nepHOflHHecKOH HMnyjibCHOH xapaxTepHCTHKe hi{n\ nn(|)poBO- 
ro (|)HJibTpa c noMomfaio (|)OpMynbi (2.50) M 05 xeT Ohtb onpeaejiena aBToxoppejiann- 
OHHa^ ^ noxasaHHaa Ha pnc. 2.22. Ho c|)OpMyjie (2.53) mo»ho 

oueHWTb aHcxperayio nepnozmHecxyio HacTornyio xapaxTepHcnixy no moiuhocth 
UH(|) poBoro (|)HnbTpa npencTaBJieHHyio na pnc. 2.23. 



t{/j' 7 a}(MKC) f{/rvT}(MrM) 

Puc. 2.22. AemoKoppe/vttfuoHHOA ^yHKifuii Puc. 2.23. HacmomHox xapcucmepucmuKa 

nepuoduHecKou MX ipuppoeozo 0B M. ifuippoeozo 0B M no Mouptocmu. 

/(HcxpeTHbiH nepHOflHHeCKHH CHTHaji Ha Bbixofle (|)iinbTpa mo^t 6biib nan- 
flCH nyrcM JiHHeHHOH CBeprrxH HMiiyjibCHOH xapaxTepHCTHKOH UH't'poBoro (|)njibTpa 
^a[w] c CHTHajioM Ha Bxo.ae JiHHeHHOH neriH: 

yu [«] = [«] * K [«] = [«] * K [A , (B-c) (2.55) 

HJiH c noMonibto xpyroBOH CBeprxH nepHonHnecxoH HMiiyjibCHOH xapaxTepHCTHKH 
(JjHJibTpa h^ri\ c Bxo^HbiM CHTHanon: 
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(2.56) 


mt> s SC 

r„[m] = N T, ■ S „[m]- H „[m] ,(b). 

CneKTp nepHOfliraecKoro CHTHana Ha BHXo/ie HH(|)poBoro (J)HiibTpa Moiaoer 
6 bitb HaiiiieH cjieflyBDiiiHM oGpasoM: 

(2.57) 

ABTOKOppeji®iHOHHa.a (JiyRKUHa zuicKpeTHoro nepHO^HHecKoro CHraana na 
BHXozie UH'l’poBoro (|)HJibTpa MO»:eT 6 htb Hafi/ieHa hcckojibkhmh cnoco 6 aMH: 

- no HSBecTHOMy CHrnajiy Ha BHXOZie (|)HJiBTpa: 

N [«] = [«] ® yN [- «] = T~ Z [^] + ^], (B^-c); (2.58) 

RyA‘)= (2.59) 

«■-« 

- no HSBecTHOH AKO CHTHana na Bxoae i|)HJibTpa h AK'I> HMnyjibCHOH xapax- 
TepHCTHKH mi(|)pOBOrO (|)HJIbTpa: 

CO 

= •-Rsw[«]®-^a;^[«]= Z-^5^W-^aw[«-^]>(B^-c). (2.60) 

CneKTp MoniHOCTH nepHOflimecKoro cnrHajia na BBixoae 4 ®nibTpa Taxace mo- 
yKQT 6biTb HaftiieH HecKOJibKHMH cnoco6aMH: 

- no HSBecTHOMy cnexTpy cnrHajia Ha Bbixoae (|)HJibTpa; 

P,A’A = r, [m] ■ r; [»] = \r„ [mf , (B^); (2.61) 

CD f ^ 

PyN{f)='Z^yA^\-^ ,(B^-c); (2.62) 

/TJ--CO ^ 

- no HSBecTHOMy cneKxpy moiiihocth CHTHana na Bxone (JjHJibTpa h nacroTHOH 
xapaKTepHCTHKe ananoroBoro (|)HJibTpa no moiiihocth: 

B,„[m] = ivr, ■B,„H-.S„H,(B^). (2.63) 

CneKTp MOIIIHOCTH H aBTOKOppejiaHHOHHaa (|iyHKiiHa nHCKpeiHoro nepnoipi- 
HecKoro CHTHana na Bbixone (|)HnbTpa CBasanbi Mencny co 6 oh HHCKpeTHbiM npeo 6 pa- 
soBaHHCM <l>ypbe: 
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PyA*A 


NT 


npSMoe /III'I* 


OOpaiHoe 


N-\ 

W ‘ ‘ r 1 7 

= ^a-Z-^ywW® " ,(B^). 


d 


«=0 


B saionoHeHHe paccMorpHM npHMep npoxoncneniia HHCKpeiHOTO nepHonime- 
CKoro CHTHana s'Affw] nepes iiH(|)poBOH <|)HnBTp bhcokhx nacTor. CHTHan na Bbixone 
(JiHnbTpa H cneKTp ototo CHTHana 7A{m], HaHneHHbie no i|)OpMyne (2.56), noKa- 


saHbi HapHC. 2.24 h 2.25 cooTBeTCTBemio. 



t {rr Td} ( mkc ) 

Puc. 2.24. MucKpemHbiii nepuoduHecKuu CU2HO/1 Ha ebixode <X>BV. 



7{/rvT}(MrM) f{n/r}(MrM) 


Puc. 2.25. AMnmmydHbiu u ^asoebiii cneKmpbi cuzna/ia yf][n\ na ebixode 0B'^. 


J\nsi HaxoncneHHH aBTOKoppenaiiHOHHOH (|)yHKiiHH nHCKperaoTO nepHonmie- 
CKoro CHTHana na Bbixone ujn^poBOTO (|)HnbTpa i?^Ar[«] MoncHO BocnonbsoBaTbca 
(JxjpMynaMH (2.58) hjih (2.^). 3HepTerHHecKHH cneKTp Wyi^m] CHTHana na Bbixone 
<I>B'^ Moncer 6brn> oiichch c noMonibio (|)opMyn (2.61) hth (2.63). IIonyHeHHbie 
AK<I> H OHepTeiHHecKHH cneKTp CHTHana na Bbixone iiH(|)poBOTO (|)HnbTpa npencTaB- 
neHH Ha pnc. 2.26 h 2.27 cooTBeTCTBeHHO. 
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m 10 


-10 



r<r 12 
CQ 


O 9 


6 


3 



-2 0 2 
t{n Ti) (MKC) 


Puc. 2.26. AemoKoppe/ixifuoHHca ^yuKifua, 
cuBHCiaa y}j[ri\ naebtxode 0BV. 


-6-3036 

f{/rW}(MrM) 

Puc. 2 . 27 . SHepzemuHecKuii cneKtnp cumana 
»/[n] Ha etaxode 0BH. 


CorJiacHo Teopene IlapceBajia zwa zmcKpeiHoro nepHOflHHecKoro cHTHajia: 


[0] = j; ■ 2 p, M » 1 5 ■ 1 0 . (b ■ . MKC ). 




^ > 1-0 


( 2 . 64 ) 


AHanorinHO flHCKpeiHOMy HMnyjitcHOMy CHrnajiy, npoHSB^eM BoccranoB- 
jieHHe nepHOflinecKoro CHTHana Ha BHXofle (|)HJibTpa bbicokhx nacTor CpaB- 

HCHHe BoccTaHOBJieHHoro CHTHana c ananoroBHM nepHOflHHecKHM CHTHanoM Ha bbi- 
xofle nepBoro nopnflKa, nojiyneHHHM b pasnejie 2 . 2 , noxasaHO na pHC. 2 . 28 . 


2 


s; 1 



t (mkc) 

Puc. 2.28. CpoeHCHue OHcmocoeoco nepuoduHecKoco cucHona na ebvcode 0BHc 
CU2HCUIOM, eoccmoHoafieHHbiM U3 ducKpemHozo cmncma yj^\ri\ udecuibHbVA 

Hs pHC. 2.28 BHflHO, BOCCTaHOBJieHHblH nepHOflHHeCKHH CHTHaJT B iq>eaejiax 
oflHoro nepHOfla npaKTHHecKH nojiHocxbio noBTop^eT no (|)opMe BoccxaHOBJieHHMH 


HMnyjibCHBiH cnmaji 


, HTO noflTBep^aeT npaBHJibHocxb nojiyneHHbix pesyjib- 


TaTOB . 
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npHJio^eHHe 1 


yCJIOBHblE 0B03HAHEHH5I 


HMnyjibCHBie h nepHOflHHecKHe aHanoroBbie CHTHanbi 
— aHanoroBbiH HMnyjibCHbiH CHTHan, (B); 

s{f) — cncKTp (cneKTpajibHaa njioTHOCTb) aHanoroBoro HMnyjibCHoro CHTHana, (B-c); 

(/) — aBTOKOppejwHHOHHaa (|>yHKLiHa (AK'I’) aHanoTOBOTO HMnynbCHOTO CHTHana, (B^-c); 

FTj (/) — anepreTHHecKHH cnexTp ananoTOBOTO HMnynbCHOTO CHTHana, (B^-c^); 

(?) - aHanoroBbiH nepHOTUiHecKHH cHTHan, (B); 

5r(/) - cneKTp (cneKTpanbHaa nnoiHOCTb) ananoTOBOTO nepHOAHHecKOTo CHTHana, (B-c); 
5 j.[m] - oTCHerbi cnexipa ananoTOBOTO nepHOAHHecKOTO CHTHana, (B); 

“ AK<I> aHanoTOBOTO nepHOAHHecKOTO cnraana, (B^); 

Pjj-(/)-cneKTpajiBHan ruioTHOcnb moiiihocth ananoTOBOTO nepHOAHHecKOTO CHTHana, (B^-c); 
“ OTCH^i cneKTpa moiiihocth ananoTOBOTO nepHOAHHecKOTO CHTHana, (B^); 


XapaxTepHCTHKH ananoTOBOTO (|)HnbTpa 

/»(?) - HMnyjiLCHaa xapaxTepHCTHKa (HX) ananoTOBOTO (|)HnbTpa, (Fii); 

n{f) - HacTOTHaa xapaxTepHcrraKa CFX) ananoTOBOTO (|)HnbTpa, (6/p); 

- AK<1> HMnyABCHOH xapaKTepHCTHKH ananoTOBOTO (|)HnbTpa, (Fii); 

G{f) - 3HepreTHHecKaa '’3X ananoTOBOTo (|)HnbTpa, (6/p); 

(?) — nepHOAHHCCKaa HMiiynbCHaa xapaKTepHcrmca aHanoTOBOTO (|)HnbTpa, (Fii); 

Hrif) — AHCKpcTHaa HacTOTHaa xapaKTepHciHKa ananoTOBOTO (|)HnbTpa, (6/p); 

— OTCHCTbl AHCKpCTHOH HBCTOTHOH XapaKTCpHCTHKH BHaAOTOBOTO (|)HnbTpa, (Fll); 
^Ar(^) ~ AKO nepHOAHHecKOH HMnynbCHOH xapaKTepHcrmKH ananoTOBOTO (|)HnbTpa, (Fii); 

Krif) — AHCKpcTHaa ’FX ananoTOBOTO (|)HnbTpa no moiiihocth, (6/p); 

— OTCHCTbl AHCKpeTHOH "FX BHanOTOBOTO (|)HnbTpa no MOIIIHOCTH, (Fn); 
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npHJio)KeHHe 2 


MMnyjibCHbie h nepHoamecKHe ziHCKpeTHHe CHTHajiH 

(?) - ziHCKpeTHbiH HMnyjibCHbiH CHraan, (B); 

[«] - oTCHeTbi flHCKpeiHoro HMiiyjibCHoro CHTHana, (B-c); 

(/) “ cneKTp (cneKTpajibHaa ruioTHOCTb) ziHCKpeTHoro HMnyjibCHoro CHrHana, (B-c); 

•^sa(^) “ AK<1> ziHCKpeTHoro HMiiyjibCHoro CHraana, (B^-c); 

•^sa["] “ OTCHCTbi AK<1> flHCKpeTHoro HMiiyjibCHoro CHTHana, (B^-c^); 

“ 3HepreTHHecKHH cneKTp nHCKpcTHoro HMnyjibCHoro CHraana, (B^-c^); 

•S';;(?) - ilHCKpeTHHH nepHOTIHHeCKHH CHTHan, (B); 

‘^N ["] “ OTCHCTH nHCKpcTHoro nepHonHHecKOTO CHTHana, (B-c); 

sAf) - cneKTp (cneKTpanbHaa nnoTHocTb) ziHCKpeTHOTo nepHozwHecKoro CHrnajia, (B-c); 
['”] ~ OTCHeTbi cneKTpa HHCKpeiHOTO nepHoziHHecKOTO CHTHana, (B); 

W “ AKC> flHCKpeTHOTO nepHOflHHecKOTO CHTHana, (B^); 

“ OTCHeibi AK<I> flHCKpeTHOTO nepHOflHHecKOTO CHTHana, (B^-c); 

PsAf) - cneKTp MoniHOCTH flHCKpeTHOTO nepHOflHHecKOTO CHTHana, (B^-c); 

I'”] “ OTCHeibi cneKTpa moiiihocth HHCKpeiHOTO nepHozmHecKoro CHTHana, (B^) 

XapaKTepHCTHKH UH(|)pOBOTO <|)HJIbTpa 
(?) - HMnyjibCHaa xapaKTepHCTHKa iiH(|)poBOTO (|)HnbTpa, (Fu); 

K [”] “ OTCHeibi HMnyjIbCHOH XapaKTepHCTHKH IIH(|)pOBOTO 45HnbTpa, (6/p); 

HAf) - HacTOTHaa xapaKTepHCTHKa iiH<i>poBOTO (|)HJibTpa, (6/p); 

- AK<l 5 HMIiyjIbCHOH XapaKTepHCTHKH UH(|)pOBOrO (|)HnbTpa, (Fu); 

•/?aa["] " OTCHeibi AK<l 5 HMnyjibCHOH XapaKTepHCTHKH HH4)poBoro {JttiJibTpa, (6/p); 

^a(/) “ oHepTeiHHecKan ''5X uH(|)poBOTO (Jinjibipa, (6/p); 

/?;^r(?) - nepHOUHHecKan HMnyjibCHaa xapaKTepHCTHKa iiH(|fpoBoro (J)HnbTpa, (Fii); 

-OTCHeibi nepnomiHecKOH HX iiH(|)poBOTO (Jinjibipa, (6/p); 

(/) - nepHOUHHecKaa nacTOTHaa xapaKTepHCTHKa iiH(|)poBoro (JanibTpa, (6/p); 

“ OTCHeibi nepHOUHHecKOH iiH(|)poBOTO (|)HnbTpa, (Fn); 

W - AK<1> nepHOUHHecKOH HX nH(|)poBOTO (JiHnbipa, (Fn); 

“ OTCHeibi AK<1> nepHOUHHecKOH HX nn(|)poBOTO (JiHnbipa, (6/p) 

(/ ) “ UH(|)poBOTO (|)HnbTpa no moiiihocth, (6/p); 

- OTCHeibi "TX iiH(|)poBOTO (|)HnbTpano moiiihocth, (Fn). 


TABJnmA CnEKTPOB CHFHAJIOB 
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npHno^HHe 3 

CBOHCTBA nPE0BPA30BAHH5I OYPBE 


OnepauHH 

CO 

.(<)= ]c{f)e‘-‘->‘df 

•CO 

CO 

C(f)=\s(t)e‘^’-f‘dt 

•CO 

1. ConpH^eHHaH 
CHMMerpHH 

Im s{i) = 0, 

T.e. j^(/) ^leHCTBHTejiLHa 

C(f)=C’(-f), 

T.e. Re[c(/)] = Re[c(-/)]. 
Im[c(/)] = -Im[c(-/)] 

2. HHBepTHpoBaHHe no / 


c-(f) 

3. CHMMeTpra 

II 

c(/)=c(-/) 

4. HeneTHa^ chmmctphh 

1 

1 

II 

c(/)=-c(-/) 

5. JiHHeftHOCTb 


aC,(f)+bC,(f) 

6. flyaJlbHOCTb/H t 

C{t) 

! 4-0 

1. BpeMeHHaH 3a^epHa<a 



8. VMHOHceHHe Ha 


c{f-A) 

9. MoflyjiHUHH 

\s(l)-cos2nf^l 

i [c(/ + /, )+ c(/ - /, )] 
i[c(/+/,)-c(/-/,)] 

10. MaciUTaSHpoBaHHe 

s{at) 

1 f 

H \aj 

1 1. jlH(ii(JiepeHi4HpoBaHHe 

s{t) 

dt'^ 

(J 2 nfjc(f) 

12. HHxerpHpoBaHHe 

t 

J j(r)cfr 
-« 

J2nf 2 

13. yMHO^eHHe Ha / 

/■^(/) 

1 <?c(/) 

y2?r df 

14. CBepnca 

CD 

x{t)*y{t)= ^x{T)y{t-r)dT 

-OS 

x(f)-r(f) 

1 

15. ripoH3Be/ieHHe 


03 

1 X{fYY{f)= \x{X)Y{f-X)dA 

. -03 

16. TeopeMa HapceBajiH 

cc 

-CO 

CO 

—CO 

17. Cbohctbo nnoma/iH 

CO 

4o)= \c{f)df 

-CO 

CO 

c(o)= 

—CO 
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